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PREFACE. 


The  success  of  Prof.  Classen's  work  in  the  original, 
together  with  the  fact  that  the  English  Edition  published 
in  1878  is  now  out  of  date,  seem  to  make  a  new  English 
Edition  of  this  valuable  work  desirable.  The  work  is 
very  extensively  used  in  the  Universities  and  Technical 
Schools  of  Germany,  and  translations  have  appeared  in 
the  Frencli,  Russian  and  Polish  languages. 

Prof.  Classen's  arrangement  of  the  matter  in  the 
work — advancement  from  simple  Crystallizable  Salts,  to 
Alloys,  Minerals,  Ores,  Slags,  Metal,  Waters,  Etc.,  of 
increasing  difficulty — seems  admirably  adapted  to  the 
needs  of  the  beginning  student.  The  work  is  no  less 
suited  to  the  practical  chemist.  As  a  general  rule,  the 
busy  analyst  has  neither  the  time,  nor,  perhaps,  the 
library  facilities,  for  arranging  a  complete  scheme  for  the 
analysis  of  the  various  substances  submitted  to  him,  from 
the  individual  determinations  so  commonly  given  in 
works  on  Quantitative  Analysis. 

A  few  additions  have  been  made  to  the  German  text, 
notably  the  method  for  the  Proximate  Analysis  of  Coal, 
as  recommended  by  the  Committee  of  the  American 
Chemical  Society  ;  Handy 's  Rapid  Volumetric  Method 
for  Phosphorus,  especially  prepared  by  Mr.  Handy  for 
this  work;  Goocli's  Gravimetric  Method  for  Titanium, 
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adapted  from  Dr.  W.  F.  Hillebrand's  work  on  Rock 
Analysis;  Julien's  Volumetric  Method  for  Manganese; 
Mixer  and  Dubois'  Method  for  the  decomposition  of 
Chromite  with  sodium  peroxide  ;  Determination  of  Carbon 
in  Iro!i  and  Steel,  by  solution  in  Potassium-Copper  Chlor- 
ide, and  Combustion  of  the  Residue,  and  the  Electrolytic 
Determination  of  Copper.  The  Appendix  on  Qualitative 
Analysis,  while  somewhat  of  an  innovation  in  a  work  on 
Quantitative  Analysis,  will,  it  is  believed,  be  a  valuable 
addition  to  the  work  ;  it  was  added  with  the  advice  of  the 
Leading  Authorities  on  Mineral  Analysis  in  the  United 
States. 

The  Translator  wishes  to  acknowledge  the  assistance 
he  has  received  from  Prof.  W.  H.  Pettee,  of  the  Univer- 
sity of  Michigan  ;  Prof.  F.  W.  Clarke,  Chief  Chemist  of 
tne  U.  S.  Geological  Survey;  J.  0.  Handy,  Chief  Chemist 
of  the  Pittsburg  Testing  Laboratories,  and  especially  Dr. 
W.  F.  Hillebrand,  Chemist  of  the  U.  S.  Geological  Survey. 
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University  of  Michigan, 

Sept.  1902. 
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EBRATA. 

Page  26,  line  5  from  below,  read  "subchloride  of, "/or  "metallic." 
Page  112,  line  17  from  above,  read  "with"/o>'  "the." 
Page  200,  line  13  from  abdVe,  read  "alumina"  -|-  ferric  oxide,*'  for 
"alumina." 

Page  276,  the  upper  stop-cock  should  stand  in  a  vertical,  instead  of 
a  horizontal,  position. 

Page  278,  line  16  from  above,  read  "colored, "/or  "covered." 

Page  300,  line  5  from  above,  read  "successively"  for  "successfully." 

Page  356,  line  3  from  below,  read  "for"  for  "on." 

Page  365,  line  4  from  above,  read  "retain" /o?'  "contain." 

Page  390,  line  11  from  above,  read  "formed"/or  "found." 

Page  390,  line  18  from  above,  read  "halogens" /o?-  "halogous." 

Page  409,  line  2  from  below,  omit  "with." 


INTRODUCTION. 


The  object  of  quantitative  analysis  is  the  determina- 
tion of  the  percentage  composition  of  substances,  and 
this  may  be  attained  in  various  ways.  In  gravimetric 
analysis,  the  percentage  composition  is  ascertained  by  sep- 
arating the  constituent  itself,  as  such,  or  by  transforming 
the  element  to  be  determined  into  an  insoluble  compound 
of  known  properties  and  composition,  by  the  addition  of  a 
reagent,  and  then  determining  the  weight  of  the  new  com- 
pound in  a  dry  condition.  The  separation  of  an  element, 
as  such,  from  its  soluble  compounds,  has  heretofore  been 
possible  in  only  a  few  cases  ;  since  the  development  of 
Electrolytic  Analysis,*  this  exact  as  well  as  simple 
method  is  applicable  not  only  to  the  quantitative  determi- 
nation of  a  large  number  of  metals,  but  also  to  their  sepa- 
ration. 

In  gravimetric  analysis,  therefore,  the  elements  to  be 
determined,  are  generally  transformed  into  insoluble  com- 
pounds and  their  w^eight  determined.  If  several  elements 
are  contained  in  a  solution,  the  determination  of  one  of 
them  must  be  combined  with  a  separation  from  the  others. 

Suppose  it  is  desired  to  determine  the  amount  of  sil- 
ver and  copper  in  a  silver  coin.  A  weighed  sample  is  dis- 
solved in  dilute  nitric  acid,  the  free  acid  removed  by  evap- 
oration and  the  nitrates  of  silver  and  copper  are  dissolved 
in  water  to  which  a  few  drops  of  nitric  acid  have  been 
added  ;  the  silver  is  then  precipitated  by  adding  hydro - 

*  A.  Classen, — Quantitative  Analysis  by  Electrolysis.  Translated  by 
Herrick  and  Boltwood. 
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chloric  acicl  or  a  solution  of  sodium  chloride  drop  by  drop 
to  the  solution  as  long  as  a  precipitate  is  produced.  All 
the  silver  is  separated  as  silver  chloride  and  the  copper 
remains  in  solution.  After  warming  and  agitating  the 
liquid  the  silver  cliloride  is  filtered  off,  the  copper  salt 
completely  removed  from  the  precipitate  by  washing  with 
water,  and  the  copper  precipitated  as  hydroxide  in  the  fil- 
trate by  heating  to  boiling  and  adding  potassium  or  sodium 
hydroxide. 

The  silver  chloi'ide  is  gently  heated  in  a  tared  porce- 
lain crucible  and  weighed  as  such,  while  the  copper  pre- 
cipitate is  changed  to  anhydrous  copper  oxide  by  igniting 
in  a  platinum  or  porcelain  crucible  and  its  weight  then 
determined.  A  simple  calculation  gives  the  amount  of 
silver  contained  in  the  silver  chloride,  and  the  amount  of 
copper  in  the  copper  oxide. 

Suppose  0.2564  gram  of  the  silver  coin  was  taken  for 
analysis  and  tlie  following  weights  were  obtained  : 
Crucible  +  Silver  Chloride,  20.5436  grams 

Crucible,  20.2345  " 

Silver  Chloride,  00.3091 
AgCl     :     Ag.     =    Wt.  AgCl     :  X 
143.03      107.66  0.3091 

X     =    0.2325  gram  of  Silver. 
Wt.  Sample     :    Wt.  Silver    =    100    :  X 
0.2564  0.2325 

X     =    90.68%  Silver. 
Crucible    +    Copper  Oxide,    =    21.3464  grams 
Crucible,  =  21.3165 

Copper  Oxide,      =      0.0299  " 
Cu  0     :     Cu    =    Wt.  Cu  0     :  X 
79.26       63.3  0.0299 

X  0.0239  gram  Copper. 
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Wt.  Sample     :    Wt,  Copper    =    100     :  X 

o.25a4  0.0239  if;;. i;: 

X'"        9.32%  Copper. 

From  the  preceding  exam.ple:  lt,iv^  nee^i'  that  In  gravi- 
metric analysis  the  quantity  is  deterniyiecj  fi;am  the  weight 
of  a  new  substance  produced  by  a;  ehOsiliieaj';  '^xaovtion.  In 
volumetric  analysis,  on  the  other  hand,  the  quantity  is 
determined  by  the  amount  of  a  reagent  necessary  to  either 
separate  a  new  substance  from  the  solution  or  to  trans- 
form one  chemical  compound  into  another.  For  the  volu- 
metric determination  of  silver,  e.  g.,  a  definite  amount  of 
pure  sodium  chloride  is  dissolved  in  a  definite  amount  of 
water,  and  this  salt  solution  is  then  added  from  a  grad- 
uated burette  to  the  silver  solution  as  long  as  a  precipitate 
of  silver  chloride  is  formed.  From  the  number  of  cubic 
centimeters  of  salt  solution  used  the  amount  of  silver  may 
easily  be  calculated. 

NaCl    :    Ag.    =    58.36    :  107.66. 

In  the  filtrate  from  the  silver  chloride,  the  copper  may 
be  determined  in  a  similar  manner. 


'r:  (GENERAL  OPERATIONS.  ' 
Amon^'  the  cperatiors  ^vhicli  precede  quantitative 
analysi'6/tlie  first  to  lx:eiici6necl  is  pulverization.  Witli 
substances  wteca  r.'re 'cl'ifHcultly  attacked  by  solvents,  fine 
division  is  of  tlie  greatest  importance,  since  coarsely  pul- 
verized substances  offer  too  few  points  of  attack  and  dis- 
solve very  slowly,  or  only  imperfectly. 

The  substance  should  be  pulverized  in  a  mortar  of 
porcelain,  iron,  agate  or  steel,  according  to  its  properties. 
Steel  mortars,  also  called  diamond  mortars,  are  used  to 
pulverize  hard  minerals,  cast  iron,  etc.  The  arrangement 
of  this  mortar  may  easily  be  seen  in  Fig.  1.  The  sub- 
stance to  be  pulverized  is  placed 
in  the  cavity  of  the  small  steel 
block  a,  the  pestle  b  is  placed  in 
the  cylinder  and  struck  with  a 
hammer.*  In  some  cases  pulver- 
ization in  a  steel  mortar  is  not 
sufficient,  and  it  may  be  necessai'y 
to  sift  or  wash  out  the  fine  parti- 
cles and  repeat  the  pulverization 
until  the  substance  is  uniformly 
fine.  To  sift  a  powdered  substance,  stretch  a  fine  piece  of 
linen  over  a  beaker,  place  the  powder  on  the  cloth,  and  by 
lightly  tapping  the  glass  the  fine  particles  pass  through 
the  cloth  into  the  beaker.    The  course  powder  remaining 

{*  Dr.  W.  P.  Hillebrand,  Chemist  of  the  U.  S.  Geological  Survey,  rec- 
ommends the  use  of  a  hardened  steel  anvil  about  4.5  cm.  in  thickness  by 
10  cm.  square,  and  a  hammer  with  a  hardened  steel  face  for  pulverizing- 
minerals  with  a  minimum  of  contamination.  A  steel  ring  2  cm.  high 
and  6  cm.  inner  diameter,  prevents  the  fragments  being  scattered.  Bull. 
176,  U.  S.  Geol.  Surv.J 
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on  the  linen  is  pulverized  as  before  and  the  operation  re- 
peated until  no  residue  remains  on  the  linen.  Substances 
which  contain  constituents  that  are  soluble  in  water  or  are 
oxidizable  in  a  moist  condition,  can  not  be  pulvei'ized  in 
the  presence  of  water.  If  the  substance  is  insoluble  in 
water,  it  is  j)laced  in  a  mortar,  some  water  is  added  and 
the  mixture  is  then  ground  with  a  pestle,  allowed  to  stand 
quietly  for  a  few  minutes  and  the  liquid  carefully  poured 
off  into  a  beaker.  The  powder  remaining  behind  is 
further  pulverized  with  the  pestle  and  the  washing  with 
the  water  repeated.  When  the  substance  has  settled  in 
the  beaker,  the  water  is  carefully  poured  off  and  the  resi- 
due dried  in  the  air-bath. 

To  remove  hygroscopic  moisture,  all  substances  must 
be  dried  before  weighing. 

Crystallized  salts  which  lose  their  water  of  crystalli- 
zation on  exposure  to  the  air,  or  effloresce,  are  freed  from 
hygroscopic  moisture  by  pressing  the  fine  powder  between 
filter  paper.  Substances  which  are  changed  by  heating 
to  100^  C.  are  dried  in  the  dessicator.  Concentrated  sul- 
phuric acid  is  the  best  drying  agent  for  use  in  dessicators. 
The  porcelain  dish  in  Fig.  2  is  partially  filled  with  sul- 
phuric acid.  The  substance  to  be 
dried  is  placed  on  the  ring  r,  and 
the  bell  glass  g  is  pressed  tightly 
on  the  ground  glass  plate  p. 

Portable  dessicators  which 
are  used  to  cool  hot  crucibles  or 
dishes  before  weighing,  have  the 
form  shown  in  Fig.  3. 

Substances  which  are  not  de- 
composed by  a  temperature  over 
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100°  C,  such  as  minerals,  certain  organic  compounds  and 

salts,  are  always  dried  to 
constant  weiglit  in  an  air-  or 
oil-batli  at  100°  C. 

This  apparatus  should 
be  provided  with  a  thermom- 
eter and  a  thermostat  in  or- 
der to  maintain  any  desired 
temperature. 

Fig.    4   shows   the  ar- 
rangement of  such  an  apparatus. 


Fig.  4. 
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To  heat  substances  at  a  definite  temperature  in  a  cur- 
rent of  gas,  or  to  separate 
volatile  from  non-volatile 
substances,  e.g.,  sulphur 
mixed  witli  metallic  sulph- 
ides, the  drying  oven 
shown  in  Fig.  5  is  used. 

The  dried  substance 
is  cooled  in  a  dessicator 
before  weighing.  For  this 
purpose  a  quantity  is 
placed  in  a  diy  weighing 
bottle,  which  should  be 
closed  with  a  ground  glass 
stopper,  Fig.  6  ;  the  latter  is  placed  on  the  left  pan  of  the 
balance  and  its  weight  determined.  A  por- 
tion of  the  substance  is  placed  in  the  vessel  in 
which  solution  is  to  be  efTected,  and  the  bottle 
re  weighed.  The  difference  between  the  two 
weights  expresses  the  amount  of  the  substance 
taken. 

The  manipulation  of  the  balance  is  very 
simple.  If  the  weighing  bottle  containing 
the  substance  is  placed  on  the  left  pan  of  the 
balance,  a  weight  approximately  equal  to  that 
of  the  substance  should  be  placed  on  the  right 
hand  pan,  e.g.,  10.  grams.  After  lowering  the  beam  arrest, 
if  the  pointer  swings  to  the  left,  the  weight  is  too  heavy  ; 
the  arrest  is  again  raised  and  the  next  smaller  weight,  5 
grams,  is  placed  on  the  pan.  If  the  pointer  now  swings 
to  the  right,  first  the  2.  gram  weight,  and  in  case  that  is 
too  heav}^  the  1.  gram  weight  is  placed  on  the  right  pan, 
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always  after  previous  arrest  of  the  beam.  If  the  pointer 
still  swings  to  tlie  right,  the  weight  is  between  6.  and  7. 
grams.  Continue  in  this  manner  by  adding  0.5,  0.2  or 
0.1  gram  to  determine  the  tenths  of  a  gram.  If,  for  ex- 
ample, 0.5  gram  is  too  heavy  and  0.4  gram  too  light, 
the  true  weight  lies  betw^een  0.4  and  0.5  gram.  Then 
add  0.05  gram,  and  if  the  pointer  swings  to  the  right, 
0.02  or  0.01  gram,  etc.  If  0.01  e.g.  causes  the  pointer  to 
swing  to  the  right,  the  remaining  milligrams  are  still  to 
be  determined.  It  is  not  advisable  to  place  on  the  pan, 
w^eights  smaller  than  10  milligrams,  but  it  is  more  con- 
venient to  determine  the  milligrams  and  tenths  of  milli- 
grams with  the  rider.  The  rider  is  placed  on  the  beam  at 
e.  g.  4.  mg.,  the  arrest  low^ered  and  the  beam  allow^ed  to 
swing,  after  closing  the  balance  case.  Now^  observe 
whether  the  pointer  swings  an  equal  number  of  divisions 
either  side  of  the  zero  point.  Adjust  the  rider  so  that  the 
pointer  sw^ings  an  equal  number  of  divisions  on  each  side 
of  the  zero  i)oint  on  the  scale. 

To  avoid  errors  in  writing  down  the  w^eight  of  a  sub- 
stance, first  add  up  the  weights  lacking  from  the  weight 
box  and  check  this  result  by  adding  up  the  w^eights  on  the 
pan.  It  must  not  be  forgotten  that  vessels  must  be  per- 
fectly cool  before  being  weighed,  since  by  radiation  of  heat 
the  pan  is  raised  and  the  w^eight  found  w^ill  be  too  small. 

After  the  substance  has  been  weighed,  it  is  dissolved 
in  a  suitable  solvent. 

Substances  soluble  in  water  are  dissolved  directly  in 
the  beakers  in  which  the  precipitation  is  to  be  made.  Sub- 
stances which  must  be  decomposed  by  digestion  with  acids 
are  warmed  on  the  sand-bath  or  water-bath  in  a  covered 
casserole  until  decomposition  is  effected.    The  excess  of 
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acid  is  evaporated,  either  on  the  steam-bath  or  water-bath. 
Figs.  7  and  8  show  this  apparatus. 


In  order  to  protect  the  liquid  from  impurities,  Victor 
Meyer  has  devised  the  apparatus  shown  in  Fig.  9. 


a  pLatinum  crucible  with  potas-  Fig.  lo. 

sium-sodium  carbonate,  using  a  blast  lamp,    Fig.  10. 
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After  complete  decomposition,  pour  on  a  platinum  foil  or 
into  a  platinum  dish.  If  this  method  has  been  used  to 
decompose  a  silicate  insoluble  in  acids,  e.  g.  glass,  feld- 
spar, etc.,  place  the  cooled  mass  together  with  the  crucible 
in  a  platinum  or  porcelain  dish,  add  a  small  amount  of 
distilled  water,  cover  with  a  watch  glass  and  gradually 
add  dilute  hydrochloric  acid. 

When  effervescence  ceases,  all  carbonates  are  changed 
into  chlorides.  Rinse  off  the  watch  glass  with  a  wash- 
bottle,  Fig.  11.,  remove  the  cruci- 
ble from  the  liquid  with  a  glass 
rod  and  wash  it  repeatedly  with 
water  until  perfectly  free  from  the 
solution. 

As  explained  in  the  introduc- 
tion, gravimetric  analysis  consists 
either  in  separating,  as  such,  the 
constituent  to  be  determined,  or 
in  transforming  it  into  an  insolu- 
ble compound  of  definite  compo- 
sition. 

The  manipulation  most  frequently  occurring  in  quan- 
titative analysis,  is  precipitation.  This  is  generally  done 
in  beakers.  The  use  of  the  latter  is  always  excluded  when 
alkaline  hydroxides  or  carbonates  must  be  used,  as,  for 
example,  in  the  precipitation  of  the  hydroxide  of  iron, 
aluminum,  chromium,  nickel  or  cobalt,  by  ammonium,  po- 
tassium or  sodium  hydroxide,  since  these  reagents  strong- 
ly attack  glass,  especiallj^  when  hot,  and  thus  bring  for- 
eign matter  into  the  solution. 

For  such  precipitations,  platinum  or  porcelain  dishes 
are  used.    A  general  rule  as  to  how  precipitations  can 
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best  be  executed,  cannot  be  given,  since  in  some  cases  an 
excess  of  the  reagent  is  necessary,  and  in  other  cases  an 
excess  is  injurious.  For  example,  aluminum  and  chrom- 
ium cannot  be  precipitated  as  hydroxides  with  potassium- 
or  sodium  hydroxide,  since  both  precipitates  are  easily 
soluble  in  an  excess  of  the  precipitant.  For  this  reason, 
ammonium  liydroxide  is  used,  and  the  latter  added  only  in 
slight  excess,  since  the  hydroxides  of  these  metals  are  not 
entirely  insoluble  in  this  reagent.  The  excess  of  the  am- 
monia is  removed  by  boiling  the  solution.  When  the  pre- 
cipitation is  complete,  the  supernatant  liquid  is  separated 
from  the  precipitate.  Under  no  conditions  is  it  advisable 
to  filter  until  the  precipitate  has  completely  settled  and 
the  liquid  appears  perfectly  clear.  In  many  cases,  stand- 
ing for  several  hours  is  necessary  to  effect  a  quantitative 
sei^aration.  Thus,  magnesium-ammonium  phosphate,  co- 
balt-potassium nitrite,  potassium -platinic  chloride,  am- 
monium phaspho-molybdate  and  the  oxalates  of  magne- 
sium, zinc,  manganese,  cobalt  and  nickel,  form  only  grad- 
ually, and  for  complete  precipitation  require  to  stand  for 
about  6  hours.  With  cobalt-potassium  nitrite,  24  hours 
are  necessary  for  complete  se]3aration. 

Precipitates  are  separated  from  the  liquid  by  filtra- 
tion. Those  precipitates  which  are  contaminated  by  the 
adsorption  of  the  precipitant,  e.  g.,  all  precipitates  pro- 
duced by  alkaline  hydroxides  or  alkaline  carbonates, 
should  be  washed  be  decantation.  The  clear  liquid  is  de- 
canted through  a  filter,  a  fresh  quantity  of  distilled  water 
is  poured  over  the  precipitate  in  the  beaker,  and  the  opera- 
tion repeated  until  no  fixed  constituent  is  recognizable  in 
the  filtrate.  This  manner  of  purification  of  precipitates 
has  the  great  inconvenience  that  the  filtrate  is  very  much 
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diluted,  so  that  if  other  constituents  are  to  be  determined, 
the  solution  must  be  concentrated  by  evaporation.  The 
method  also  presupposes  tlie  complete  insolubility  of  tlie 
l^recipitates  in  large  quantities  of  water,  which  is  never 
the  case.  It  is  much  more  simple  to  remove  the  adhering 
liquid  by  suction,  and  to  continue  the  washing  in  the  same 
manner.  This  latter  method  is  especially  to  be  recom- 
mended if  the  precipitates  are  voluminous,  such  as  iron, 
aluminum,  and  chromium  hydroxides,  or  are  not  entirely 
insoluble,  such  as  ammonium-magnesium  phosphate,  and 
potassium-platinic  chloride.  For  this  purpose,  a  funnel  of 
exactly  60°,  and  a  platinum  cone,  are  necessary.  Bunsen, 
who  introduced  this  excellent  method,  describes  the  prep- 
aration of  the  platinum  cone  in  the  following  words.*  "A 
piece  of  writing  paper  is  accurately  fitted  to  a  carefully 
selected  glass  funnel  and  cemented  on  its  upper  edge  by  a 
few  drops  of  sealing  wax.  It  is  then  saturated  with  oil 
and  filled  with  a  paste  of  plaster  of  Paris,  and  while  the 
paste  is  still  soft  a  small  stick  is  inserted  for  a  handle. 
After  a  few  hours,  the  cone,  exactly  corresponding  to  the 
funnel,  may  be  taken  out  by  the  handle.  Fill  a  crucible 
4-5  cm.  high  with  plaster  of  Paris  such  as  was  used' before, 
and  press  the  cone  with  its  oiled  paper  down  into  the  soft 
mass.  After  the  latter  has  hardened,  remove  the  paper 
by  gently  rubbing  with  the  finger.  There  is  thus  obtained 
a  cone  and  a  hollow  cone  which  exactly  correspond  to  the 
Avails  of  the  funnel.  To  make  a  platinum  cone  from  the 
plaster  cones,  cut  a  piece  of  platinum  foil  of  the  form 
shown  in  its  natural  size  in  Fig.  12.  After  the  foil  has 
been  softened  by  heating,  the  cone  is  laid  so  that  its  apex 
is  at  c,  press  the  flap  c,  d,  b,  close  to  the  cone,  rotating 
*  Ann.  Chem.  Phar.,  Vol.  148,  p.  129. 


GENERAL  OPERATIONS 


13 


with  pressure.  The  platinum  cone  should  allow  no  light 
to  pass  through  its  apex,  and  will  pos- 
sess, without  soldering, sufficient  strength 
for  all  purposes." 

To  filter  by  suction,  the  platinum 
cone  is  placed  in  a  funnel,  a  filter  accu- 
rately fitted  to  the  latter,*  and  the  stem 
passed  about  6  cm.  through  a  rubber  stopper  which  fits  a 
suction  flask  of  suitable  size.  In  place  of  the  stopper,  a 
piece  of  rubber  with  an  opening  for  the  funnel,  may  be 
tightly  stretched  over  the  mouth  of  the  suction  flask.  Figs. 
13  and  14  show  the  arrangement.    The  air  is  exhausted 


Fig.  13.  Fig.  14. 

by  means  of  an  aspirator,  the  connection  beiiig  made  with 
a  rubber  tube.  A  much  greater  difference  of  pressure  and 
quicker  filtration  can  be  obtained  by  using  a  water  pump. 

Since  the  introduction  of  Bunsen's  pump,  a  number 
of  similar  contrivances,  more  or  less  perfect,  have  been 
constructed. 

If  it  is  desired  to  avoid  the  use  of  filter  paper,  e.  g., 

*  Press  the  filter  tightly  into  the  apex  of  the  cone  with  the  finger, 
moisten  with  water,  and  press  tightly  to  the  walls  of  the  funnel  so  that 
no  bubbles  of  air  can  circulate  between  the  funnel  and  filter. 


14 


GENERAL  OPERATIONS 


with  precipitates  which  are  easily  reduced  by  the  carbon 
of  the  paper,  (see  page  20),  the  Gooch  crucible  ma}^  be 
used. 

This  crucible,  commonly  made  of  porcelain  or  platin- 
um, is  of  the  ordinary  size,  but  does  not  taper  much  to- 
ward the  bottom,  and  the  latter  is  pierced  with  fine  holes 
and  is  covered  with  a  layer  of  asbestos  in  the  follow^ing 
manner :  Select  soit,  iong-fibered  asbestos,  cut  it  into 
small  pieces,  boil  with  hydrochloric  acid,  transfer  to  a  fine- 
meshed  sieve  with  water  and  then  wash  until  all  fine  par- 
ticles are  removed. 

The  crucible  is  set  in  a  glass  tube  which  is  wide 
enough  at  its  upper  end  to  admifc  the  crucible  a  third  of  its 
height.  Cut  a  piece  of  thin-walled  rubber  tubing  of  such 
a  size  that  when  stretched  over  the  joint  it  will  make  it 
air  tight.  The  lower  end  of  the  tube  should  be  of  the 
same  size  as  a  funnel  stem,  so  that  it  can  be  used  with  the 
suction  flask  described  above.  A  Woulff's  flask  with 
three  necks  should  be  interposed  between  the  suction  flask 
and  the  pump  ;  in  one  of  the  necks,  a  glass  stop-cock  should 
be  placed. 

Connect  the  pump,  and  pour  water  with  the  asbestos 
in  suspension  in  a  fine  stream  into  the  crucible  until  the 
layer  of  asbestos  will  allow  no  light  to  be  seen  through  the 
holes  in  the  bottom.  Place  a  piece  of  platinum  foil  on 
top  of  the  asbestos  to  avoid  disturbing  the  layer.  '  The 
crucible  must  novv^  be  weighed.  For  this  purpose,  place 
the  cap  on  the  bottom,  warm  carefully  to  expell  the  mois- 
ture, and  then  ignite  a  few  minutes  over  the  blast  lamp. 
Aftei'  cooling  in  the  dessicator,  determine  its  weight. 

To  make  a  filti-ation,  again  fasten  the  crucible  in  the 
suction  apparatus,  first  pour  the  clear  solution  through 
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with  gentle  suction,  and  finally  transfer  the  precipitate  to 
the  crucible  with  the  wash  water.  During  washing,  gen- 
tle suction  should  be  used  so  as  to  allow  the  wash  water 
to  exert  its  solvent  effect  upon  the  impurities  that  are  to 
be  removed,  and  also  to  avoid  the  excessive  dilution  of  the 
filtrate.  The  precipitate  must  always  be  covered  with 
liquid,  otherwise  it  is  too  tightly  packed  and  is  difficult  to 
wash.  To  test  the  filtrate  for  substances  tliat  are  being 
washed  out,  carefully  relieve  the  vacuum  by  the  glass  cock 
in  the  Woulff's  bottle,  while  the  crucible  is  still  half  full 
of  wash  water.  If  the  washing  is  completed,  replace  the 
crucible  and  suck  the  precipitate  as  dry  as  possible.  Place 
the  cap  on  the  bottom,  dry  in  the  air-bath  (see  page  6), 
cover,  ignite  at  first  gently,  and  then  increase  the  temper- 
ature according  to  the  nature  of  the  jirecipitate. 

In  certain  filtrations,  e.  g.  witli  silver  chloride,  a  tube 
shown  1/2  natural  size  in  Fig.  15,  may  be  used.   The  tube 
is  prepared  by  Jannasch  in  the  following  man- 
ner  :  In  the  lower  part  a,  place  a  layer  of  glass     <  ^  ' 
wool  about  half  a  centimeter  thick  without  al- 
low^ing  it  to  get  into  the  narrow  part  of  the  tube 
and  upon  this  an  equal  layer  of  asbestos,  which 
lias  been  purified  as  described  above.  Wash 
with  water  until  all  particles  of  glass  wool  or  as- 
bestos are  washed  out.    The  tube,  open  at  both 
ends,  is  dried  in  the  drying  oven  at  about  150°C., 
allowed  to  cool  to   about  50-60°C.,   and  then 
closed  with  the  glass  caps.    After  cooling  in  the 
dessicatOE,  it  is  weighed.    A  small  funnel  may 
be  used  in  pouring  the  solution  into  the  tube. 

A  few  remarks  may  be  made  as  to  the  qual-    Fi-  15. 
ity  of  filter  paper  to  be  used,  as  well  as  the  manipulation 
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of  filters.  The  filter  paper  found  in  commerce  under  var- 
ious names,  always  contains  more  or  less  mineral  matter, 
(silica,  alumina,  ferric  oxide,  calcium  oxide,  etc.)  which 
is  partially  soluble  on  treating  with  dilute  acids.  It  is 
self  evident  that  such  papers  cannot  be  used  for  accurate 
analysis  witliout  being  further  treated  to  remove  the  solu- 
ble constituents.  The  purification  of  filter  papers  is  best 
done  by  phxcing  tlie  cut  filters  in  a  platinum  dish,  digest- 
ing in  the  cold  foi-  several  days  with  equal  parts  of  hydro- 
chloric and  ]i3'drofluoric  acids.  The  paper  should  then  be 
washed  with  water  until  the  acids  are  removed.  The 
washed  paper  is  dried  in  a  x^latinum  dish  on  the 
water- bath. 

For  teclmical  analysis,  it  is  sufficient  to  determine 
the  amount  of  ash,  and  substract  this  from  the  weight  of 
the  precipitate.  For  this  purpose,  weigh  a  platinum  cruci- 
ble, successively  incinerate  12  filter  papers  from  diff'er- 
ent  parts  of  the  package,  and  allow  the  ash  to  fall  into  the 
crucible.  Weigh  the  I'esidue,  and  divide  the  gain  in 
weight  by  12,  to  obtain  the  weight  of  ash  of  one  paper. 
The  size  of  the  filter  paper  chosen  should  depend  exclu- 
sively on  the  amount  of  the  precipitate  and  not  on  the 
volume  of  the  solution  to  be  filtered.  The  larger  the  sur- 
face of  the  paper,  the  more  liquid  is  required  to  wash  the 
precipitate,  and  the  filter  is  incinerated  with  more  diffi- 
culty. 

In  filtering,  a  glass  rod  should  always  be  used,  and 
the  current  directed  to  one  side  of  the  filter.  The  under 
side  of  the  lip  of  the  beaker  should  be  covered  with  a  film 
of  tallow,  to  prevent  the  solution  running  down  the  side  of 
the  beaker.  The  filter  should  never  be  filled  more  than 
two-thirds  full  with  the  liquid.    The  precipitate  should  not 
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be  brought  onto  the  filter  until  the  greater  portion  of  the 
solution  has  been  filtered,  as  the  precipitate  clogs  the 
pores  of  the  filter.  The  precipitate  may  be  washed  onto 
the  filter  by  the  aid  of  the  wash-bottle. 

When  the  precipitate  consists  of  sulphides  which  oxi- 
dize easily  in  the  air,  as  copper  sulphide,  it  is  necessary 
to  exclude  the  air  as  much  as  possible  by  placing  watch 
glasses  on  the  funnel  and  beaker.  Hydrogen  sulphide 
water  should  be  used  to  wash  such  precipitates  to  prevent 
their  oxidation.  In  some  cases,  as  with  zinc  sulphide, 
ammonium  nitrate  should  be  added  to  the  wash  water.  If 
suction  is  used  in  the  filtration,  as  much  of  the  liquid  as 
possible  should  be  sucked  from  the  precipitate  so  that  the 
latter  packs  together.  The  washing  should  be  continued 
until  the  precipitate  is  free  from  the  solution.  A  few 
drops  of  the  filtrate  evaporated  on  platinum  foil  will  leave 
no  residue  if  all  impurities  have  been  washed  from  the 
precipitate.  Reactions  of  substances  in  the  filtrate  are 
often  used  to  indicate  when  the  washing  is  complete,  e.g., 
tlie  presence  of  hydrochloric  acid  or  chlorides  in  the  fil- 
trate, is  tested  for  by  silver  nitrate.  In  the  separation  of 
copper  from  nickel  by  precipitation  of  the  former  as  cup- 
rous sulpliide,  the  purity  of  the  precipitate  may  be  ascer- 
tained by  testing  a  few  drops  of  the  filtrate  with  ammo- 
nium hydroxide  ;  the  presence  of  nickel  is  indicated  by  a 
cloudiness  due  to  nickel  sulphide. 

The  method  of  washing  a  precipitate  varies  with  its 
properties.  With  the  exception  of  sulphides,  most  precip- 
itates are  washed  with  distilled  water,  to  remove  impuri- 
ties. Some  compounds  require  a  special  reagent  for  their 
quantitative  separation,  consequently  these  precipitates 
require  special  washing  solutions.  Ammonium-magnes- 


18  GENERAL  OPERATIONS 


iura  phosphate,  which  is  precipitated  in  an  ammoniacal 
sohition,  must  be  washed  with  dilute  ammonium  liydrox- 
ide  ;  potassium-platinic  chloride  is  insoluble  only  in  alco- 
hol and  must  therefore  be  washed  with  the  latter.  Ammo- 
nium phospho-molybdate  must  be  washed  with  either  am- 
monium molybdate  or  ammonium  nitrate,  etc. 

The  further  treatment  of  precipitates  in  their  gravi- 
metric determination  likewise  depends  upon  their  special 
properties.  Compounds  which  volatilize  or  decompose  on 
ignition  require  special  treatment.  Such  precipitates  are 
collected  on  a  dried  and  weighed  filter,  dried  in  the  air- 
bath  at  110°  C.  to  120°  C,  and  weighed  with  the  filter. 

To  prevent  the  absorption  of  moisture  during  weigh- 
ing, the  empty  filter  as  well  as  the  filter  with  the  precipi- 
tate should  be  dried  between  two  close-fitting  watch 
glasses,  which  may  be  held  together  by  a  spring  clamp. 
Or,  the  filter  may  be  dried  to  constant  weight  in  a  large 
weighing  bottle  with  a  ground  stopper.  A  weighing  bot- 
tle for  drying  filters,  proposed  by  Reinhardt,  is  shown  in 
Fig.  16.  , 

The  filter  is  first  partially  dried  in  the 
funnel  so  that  it  may  be  removed  without 
tearing  and  is  then  placed  in  the  weighing 
bottle.  This  form  of  bottle  is  especially 
suitable  for  sulphide  precipitates.  Com- 
pounds which  are  not  reduced  by  the  car- 
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bon  of  the  j)aper  may  be  ignited  directly. 
Fig.  16.  heating  gently  at  first,  then  more  strongly. 
Fold  the  upper  edge  of  the  filter  towards  the  center,  place 
in  the  crucible,  cover,  and  heat  with  a  small  flame  as  long 
as  volatile  matter  is  given  off.  The  crucible  should  then 
be  inclined  and  the  cover  placed  at  an  angle  against  the 
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top,  and  then  heated  at  a  strong  heat  to  burn  off  the  re- 
maining porous  carbon. 

Precipitates  that  are  easily  reduced  must  be  carefully 
separated  from  the  filter.  The  precipitate  is  transferred 
as  much  as  possible  to  the  crucible  and  the  little  that  ad- 
heres to  the  paper  is  removed  by  gently  rubbing  the  filter 
between  the  fingers.  The  filter  is  then  burned  on  the  in- 
verted crucible  cover,  finally  heating  it  at  a  sufficiently 
high  temperature  to  completely  burn  all  the  carbon. 

If  lead  sulphate  is  thus  treated,  the  carbon  of  the 
paper  reduces  the  adhering  precipitate  to  metallic  lead, 
and  the  latter  must  be  changed  to  sulphate.  For  this  pu]"- 
pose,  moisten  the  residue  on  the  crucible  cover  with  a  few 
drops  of  nitric  acid,  warm  gently,  and  after  solution  of  the 
lead,  add  a  few  drops  of  dilute  sulphuric  acid  and  evapo- 
rate to  dryness.  The  excess  of  sulphuric  acid  is  removed 
by  strongly  heating  the  residue  over  the  flame. 

Precipitates  that  are  easily  reduced  cannot  be  ignited 
in  a  platinum  crucible,  since  the  reduced  metal  at  once 
alloys  with  platinum  and  destroys  the  crucible.*  Ammo- 
nium-magnesium phosphate  is  also  easily  reduced  to  x^hos- 
phide  in  the  presence  of  carbon  at  a  high  temperature. 
Whether  a  precipitate  should  be  ignited  gently  or  strong- 
ly, depends  upon  its  properties  ;  a  temperature  of  about 
120°  C.  is  sufficient  for  silver  chloride,  while  silica  sepa- 
rated from  silicates  must  be  strongly  ignited  with  the  blast 


*  With  reference  to  the  preservation  of  platinum  crucibles,  the  follow- 
ing points  should  be  observed: — 

The  hydroxides  of  the  alkalies,  lithium  chloride,  the  hydroxides  of 
barium  and  strontium,  and  the  nitrates  of  these  metals,  attack  platinum 
at  a  red  heat  and  are  especially  injurious  at  a  white  heat. 

Still  more  injurious  is  a  fused  mixture  of  potassium  hydroxide  and 
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lamp  to  completely  dehyrate  it.  As  a  rule,  however,  igni- 
tion at  a  low  red  heat  is  sufficient.* 


potassium  nitrate. 

The  ordinary  fusion  mixture  of  sodium  carbonate  and  potassium  ni- 
trate slightly  attacks  platinum  at  a  hig-h  temperature.  Fused  alkaline 
cyanides  also  attack  platinum. 

Sulphur  alone,  at  a  red  heat,  does  not  attack  platinum,  but  in  the 
presence  of  the  alkalies  it  is  to  be  avoided,  since  alkaline  sulphates  are 
reduced  by  carbon. 

Contact  with  chlorine  and  substances  that  liberate  chlorine,  in  the 
molten  state  as  well  as  in  the  liquid  state,  should  be  avoided. 

Platinum  crucibles  when  heated  in  contact  with  coal  take  up  carbon 
and  silicon  and  become  brittle. 

The  surface  of  a  crucible  may  become  blistered  and  rough  by  the 
formation  of  platinum  carbide,  if  heated  in  a  gas  flame  with  an  insuffi- 
cient supply  of  air.  Scouring  with  sea  sand  restores  the  polish  and  this 
should  be  done  after  each  ignition,  if  the  surface  has  assumed  a  dull 
appearance. 

[*  On  general  principles  and  methods  of  quantitative  analysis,  espec- 
ially as  applied  to  Rock  Analysis,  see  Bull.  176,  U.  S.  Geol.  Sur.,  by  Dr. 
W.  F.  Hillebrand.  This  bulletin  cannot  be  too  highly  recommended  to 
those  interested  in  quantitative  analysis.] 
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CALCITE.  MARBLE. 

CaCO-^ 

Determination  of  Calcium*  : — Dry  the  substance  at 
100°C.,  and  dissolve  0.2-0.3  gram  in  dilute  hydrochloric 
acid  in  a  beaker  ;  dilute  with  100.-150  cc.  of  water.  The 
calcium  is  precipitated  as  calcium  oxalate.  Add  ammo- 
nium hydroxide  to  alkaline  reaction,  and  heat  the  liquid 
to  boiling  ;  now  add  ammonium  oxalate  in  slight  excess, 
and  allow  the  precipitate  to  settle  for  about  6  hours  in  a 
warm  place.  If  the  ammonium  oxalate  is  added  drop  by 
drop  with  stirring,  the  calcium  oxalate  s^^parates  as  a 
heavy,  pulverulent  precij^itate.  f  After  the  calcium  oxalate 
has  been  perfectly  washed  with  hot  water, J:  it  is  placed  in 
a  platinum  crucible  without  previous  drying  and  ignited 
to  calcium  carbonate,  or  preferably  to  calcium  oxide. 

To  dry  the  precipitate  and  filter,  and  finally  to  incin- 
erate the  latter,  carefully  fold  up  the  paper,  place  in  a 
covered  crucible  and  gently  heat  with  the  flame  of  a  Bun- 
sen  burner  as  long  as  fumes  are  evolved.  Then  remove 
the  crucible  cover,  incline  the  crucible  so  as  to  freely  ad- 
mit air,  and  heat  at  the  same  temperature  until  the  carbon 
is  burned  and  the  residue  is  white.  The  calcium  oxalate 
may  be  transformed  to  carbonate  by  very  gentle  heating  ; 

*  For  the  determination  of  Carbon  Dioxide  see  Dolomite. 

t  This  general  rule  is  to  be  recommended  for  all  precipitations. 

X  The  precipitate  should  be  washed  until  silver  nitrate  shows  the 
absence  of  chlorine. 

21 


22 


COPPER  SULPHATE 


since  the  latter,  however,  is  easily  decomposed  into  cal-. 
ciiim  oxide,  it  is  necessary  to  allow  the  crucible  to  cool 
and  then  to  moisten  the  residue  with  a  few  drops  of  am- 
monium carbonate  and  again  heat  gently.  This  operation 
must  be  repeated  until  constant  weight  is  obtained. 

If  it  is  desired  to  determine  the  calcium  as  oxide, 
ignite  over  the  blast  lamp  for  about  5  minutes,  cool  and 
weigh  ;  then  re-ignite  and  see  if  the  weight  of  the  precipi- 
tate diminishes.    Ignite  to  constant  weight. 

COPPER  SULPHATE. 

BLUE  VITRIOL. 
CuSOa^5H20 

Determination  of  Copper  as  Oxide,  CuO  : — Dissolve 
about  1.  gram  of  coppei*  sulphate  in  about  150  cc.  of  water 
in  a  porcelain  dish,  and  heat  to  boiling.  Gradually  add 
a  slight  excess  of  potassium  or  sodium  hydroxide  and  con- 
tinue the  boiling  for  a  few  minutes.  After  the  precipitate 
has  settled,  decant  off  the  clear  solution,  pour  hot  water 
over  the  precipitate,  boil  again  and  repeat  these  operations 
several  times,  or  until  the  precipitate  is  free  from  alkali. 

The  precipitate  is  then  brought  onto  the  filter  with 
the  aid  of  the  wash  bottle  and  washed  with  hot  water  un- 
til a  few  drops  of  the  filtrate  leave  no  residue  when  evapo- 
rated on  platinum  foil. 

The  copper  oxide  may  be  determined  as  given  under 
Calcium  Carbonate,  by  placing  the  moist  precipitate  and 
filter  in  a  weighed  porcelain  crucible  and  igniting.  It 
should  not  be  forgotten  that  the  carbon  of  the  filter  may 
reduce  a  part  of  the  copper  oxide  to  metallic  copper. 
The  latter  may  be  reoxidized  by  cooling  the  crucible  and 
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adding  a  few  drops  of  nitric  acid.  The  excess  of  the  latter 
is  removed  by  carefully  warming  and  then  heating  with 
the  flame  of  a  Bunsen  burner  until  constant  weight  is  ob- 
tained. 

Determination  of  Copper  as  Cuprous  Sulphocyanate, 
Cu2(CNS)2 : — Dissolve  about  1.  gram  of  copper  sulphate 
in  100  cc.  of  cold  water,  add  about  50  cc.  of  water  saturat- 
ed with  sulphur  dioxide  and  then  gradually  add  potassium 
sulphocyanate  in  slight  excess.  After  the  precipitate  has 
completely  settled,  filter  on  a  filter  paper  which  has  pre- 
viously been  dried  at  110°  C.  and  weighed.  Wash  by  de- 
cantation  with  cold  water  until  the  filtrate  shows  no  cloud- 
iness with  silver  nitrate.  The  copjjer  sulpliocyanate  is 
dried  at  105-110°  C.  to  constant  weight.* 

The  determination  of  the  sulphuric  acid  depends  upon 
the  insolubility  of  barium  sulphate  in  water  and  in  dilute 
acids.  Dissolve  about  1.  gram  of  copper  sulphate  in  150- 
200  cc.  of  water,  and  5. -JO.  cc.  of  dilute  hydrochloric  acid 
and  heat  to  boiling;  stir  constantly  and  add  barium  chlor- 
ide, drop  by  drop,  until  in  slight  excess. 

Proceed  according  to  the  directions  given  for  the  pre- 
cipitation of  calcium  oxalate.  As  soon  as  the  precipitate 
has  settled,  filter,  and  wash  with  hot  water  until  the  fil- 
trate gives  no  test  for  chlorine  with  silver  nitrate.  Treat 
tlie  precipitate  as  usual.  Since  tlie  barium  sulphate  ma}' 
be  slightly  reduced  to  sulphide  by  the  carbon  of  the  filter, 
cool  and  moisten  with  a  few  drops  of  nitric  acid,  and 
ignite  for  a  short  time  with  access  of  air. 

Determination  of  Water  of  Crystallization  : — Heat  a 
weighed  quantity  of  the  copper  sulphate  in  the  air-bath  at 


*  The  precipitate  dries  very  slowly,  and  may,  under  certain  condi- 
tions, reqire  12  hours  to  remove  all  the  moisture. 
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120°  C.  for  some  time,  and  then  carefully  heat  with  a 
Bunsen  burner  until  the  weight  of  the  residue  is  constant. 
The  bottom  of  the  crucible  should  be  heated  to  only  a  low 
red  heat,  to  avoid  the  decomposition  of  the  anhydrous 
copper  sulphate. 

FERROUS  SULPHATE. 

GREEN  VITRIOL. 

Determination  of  Iron: — Dissolve  about  1.  gram  of 
the  air-dried  salt  in  water,  add  hydrogen  peroxide  or 
nitric  acid,  and  heat  to  oxidize  the  ferrous  iron  to  ferric. 
When  the  solution  has  assumed  a  yellowish-red  color,  add 
ammonium  hydroxide  in  slight  excess  and  warm  for  some 
time  on  the  water-bath.  Wash  the  precipitate  with  hot 
w^ater  by  decantation,  dry,  and  ignite  as  usual  in  a  porce- 
lain or  platinum  crucible.  It  is  advisable  to  moisten  the 
ignited  precipitate  with  a  few  drops  of  nitric  acid  and  re- 
peat the  ignition. 

The  sulphuric  acid  may  be  determined  in  the  filtrate 
from  the  ferric  hydroxide. 

Acidify  with  hydrochloric  acid,  boil,  and  precipitate 
with  barium  chloride.  If  sulphuric  acid  is  precipitated 
directly  in  the  presence  of  ferric  iron,  the  precipitate  is 
contaminated  with  the  latter.  However,  the  solution  con- 
taining iron  may  be  heated  nearly  to  boiling,  precipitated 
with  ammonium  hydroxide,  and  barium  chloride  at  once 
added.  The  ferric  hydroxide  may  then  be  dissolved  by 
moderately  acidifying  with  hydrochloric  acid.  Allow  to 
stand  warm  for  2  hours,  then  cool  and  filter  without 
bringing  the  precipitate  onto  the  filter.    Digest  the  pre- 
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cipitate  for  half  an  hour  with  30  cc.  of  boiling  water  and 

2  cc.  of  hydrochloric  acid,  decant,  and  repeat  the  operation 

3  times  ;  finish  the  washing  on  the  filter.  The  barium 
sulphate  is  determined  as  given  under  Copper  Sulphate. 

The  water  of  crystallization  cannot  be  determined  by 
direct  ignition  in  a  crucible,  since  the  ferrous  iron  is  grad- 
ually oxidized  to  ferric  iron.  The  heating  must  be  done 
in  the  absence  of  aii*.  For  this  purpose  weigh  a  small 
glass  bulb  of  difiicultly  fusible  glass,*  place  in  it  .5  gram 
of  the  substance  and  weigh  again.  Tlie  tube  of  the  bulb 
is  now  drawn  out  to  a  small  opening  about  2  cm.  from  the 
bulb  and  at  the  same  time  bent  over  in  the  form  of  a  re- 
tort. Gently  heat  the  contents  of  the  bulb  until  all  water 
is  expelled  from  the  stem.f  When  the  water  vapor  is  all 
expelled,  fuse  together  the  tip  of  the  tube  while  the  con- 
tents are  still  hot  and  allow  the  bulb  to  cool.  After  cool- 
ing, break  ofi'  the  point  and  reweigh  the  bulb  and  broken 
tip.t 

BARIUM  CHLORIDE. 

The  barium  is  weighed  as  carbonate  or  sulphate.  To 
determine  it  as  carbonate,  dissolve  from  0.5  to  1.0  gram 
in  water,  add  ammonium  carbonate  in  slight  excess  and 
warm  gently  for  some  time  on  the  sand-bath.  Wash  the 
precipitate  with  dilute  ammonium  hydroxide,  and  ignite 
gently  over  the  Bunsen  burner. 

To  determine  the  barium  as  sulphate,  acidify  the  so- 

*  These  bulbs  are  easily  prepared  by  blowing-  a  small  bulb  on  the 
end  of  a  tube  of  difdcultly  fusible  glass. 

t  The  ferrous  sulphate  loses  all  its  water  at  about  280°  C. 
X  For  the  direct  determination  of  moisture,  see  Dolomite. 
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lutioii  with  hydrochloric  acid  and  precipitate  with  dilute 
sulphuric  acid.  See  Determination  of  Sulphuric  Acid  in 
Copper  Sulphate. 

Determination  of  Chlorine  : — Warm  the  solution,  and 
add'^silver  nitrate  acidified  with  nitric  acid.*  Stir  the  so- 
lution with  a  glass  rod  until  the  silver  chloride  collects  to- 
gether and  the  supernatant  liquid  is  clear.  Decant  th^ 
liquid  through  the  filter  and  Avash  the  silver  chloride  by 
decantation  with  hot  water  slightly  acidified  with  a  few 
drops  of  nitric  acid,  until  the  solution  shows  i}0  trace  of 
silver  ;  finally  bring  the  precipitate  onto  the  filter.  After 
drying,  transfer  the  silver  chloride  as  much  as  possible  to 
a  porcelain  crucible  and  incinerate  the  filter  on  the  in- 
verted crucible  cover.  Particles  of  silver  chloride  adher- 
ing to  the  filter  are  reduced  to  metallic  silver,  and  must 
again  be  changed  to  silver  chloride.  After  cooling,  mois- 
ten the  ash  with  a  few  drops  of  nitric  acid,  warm  gently, 
and  add  a  drop  or  two  of  hydrochloric  acid. 

Carefully  evaporate  the  acids,  place  the  cover  on  the  » 
crucible  and  heat  the  latter  until  the  contents  just  begin 
to  fuse.  Instead  of  transferring  the  silver  chloride  to  a 
porcelain  crucible,  it  may  be  collected  on  a  filter  which 
has  previously  been  dried  at  130°  C,  and  weighed.  The 
precixDitate  should  then  be  dried  at  the  same  temperature 
to  constant  weight.  Silver  chloride  is  easily  darkened  by 
bright  sunlight,  owing  to  partial  reduction  to  metallic  sil- 
ver ;  precautions  must  therefore  be  taken  to  avoid  unnec- 
cessary  exi^osure. 

The  silver  chloride  may  also  be  filtered  in  the  asbes- 
tos tube  described  on  page  15.    After  the  precipitate  has 

*  The  solution  should  not  be  acidified  with  nitric  acid  before  adding 
the  silver  chloride,  as  hydrochloric  acid  mig'ht  be  volatilized. 
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been  washed,  diy  the  tube  at  150-200°  C.  and  then  weigh. 

Determine  tlie  water  of  crystallization  by  gently  ig- 
niting a  w^eighed  sample  of  the  salt. 

MAGNESIUM  SULPHATE. 
MgSOi-\-7H-20 

Determination  of  Magnesium  : — Dissolve  1.— 1.5  grams 
of  the  air-dried  salt  in  about  50  cc.  of  w^ater  ;  add  ammo- 
nium chloride  and  then  one-third  the  volume  of  ammo- 
nium hydroxide.  If  a  sufficient  amount  of  ammonium 
chloride  has  been  added,  no  j^i'ecipitate  of  magnesium 
hydroxide  will  be  produced ;  otherwise  add  ammonium 
chloride  until  the  resulting  precipitate  is  dissolved.  To 
the  clear  solution,  add  sodium-ammonium  phosphate,* 
drop  by  drop  and  watli  constant  stirring,  which  produces 
a  wdiite,  crystalline  precipitate  of  ammonium-magnesium 
phosphate.  When  the  supernatant  liquid  is  clear,  filter 
off  the  precipitate  and  wash  it  with  a  mixture  of  1  part  of 
ammonium  hydroxide,  Sp.  Gr.  .96  and  3  parts  of  water, 
until  no  test  can  be  obtained  for  chloride  in  the  filtrate. 

Dry  the  precipitate,  remove  it  as  much  as  possible 
from  the  filter,  and  place  in  a  porcelain  crucible f  with  the 
ash  of  the  filter  wdiich  has  previously  been  incinerated  on  the 
inverted  crucible  cover.  Moisten  the  precipitate  and  filter- 
ash  with  nitric  acid  and  ignite  for  some  time  at  a  gentle 
heat,  and  then  at  a  full  red  heat,  until  constant  w^eight  is 
obtained.  If,  after  ignition,  the  color  of  the  precipitate  is 
not  pure  wiiite,  moisten  again  w^ith  nitric  acid  and  re-ig- 

*  If  sodiuoi  phosphate  is  used,  as  the  precipitant,  the  solution  must 
be  allowed  to  stand  at  least  12  hours  for  the  complete  separation  of  the 
precipitate. 

t  It  is  not  advisable  to  use  a  platinum  crucible  for  the  ignition  as 
the  phosphoric  acid  may  be  reduced  and  attack  the  platinum. 
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nite.    The  residue  is  magnesium  pyrophosphate,  Mg2P207. 

Determination  of  Magnesium  as  Magnesium  Oxide"^  : — 
Magnesium  salts  in  neutral  or  weakly  acid  solutions, t 
vritli  ammonium  oxalate  form  soluble  magnesium-ammo- 
nium oxalate,  which  is  decomposed  by  the  addition  of  con- 
centrated acetic  acid,  and  magnesium  oxalate  is  precipi- 
tated. To  precipitate  magnesium  quantitatively  as  oxal- 
ate, dissolve  1.-1.5  grams  of  the  substance  in  ab.out 
25.  cc.  of  water,  and  add  either  a  solution  of  ammonium 
oxalate,  or  1.5-2.0  grams  of  the  solid  salt.  J  Heat  to  boil- 
ing and  then  gradually  add  an  equal  volume  of  concen- 
trated acetic  acid]  and  boil  for  a  minute,  with  constant 
stirring.  If  the  quantity  of  magnesia  is  not  too  small, 
the  addition  of  the  acetic  acid  produces  a  heavy,  crystal- 
line precipitate  of  magnesium  oxalate,  which  quickly  set- 
tles to  the  bottom  of  the  beaker  on  removal  of  the  flame. 
Small  amounts  of  magnesium  are  only  precipitated  after 
standing  for  some  time.  In  all  cases,  the  solution  should 
be  covered  and  allowed  to  stand  for  at  least  6  hours  at 
about  50°  C.  Filter,  and  wash  the  precipitate  with  a  so- 
lution of  equal  parts  of  concentrated  acetic  acid,  alcohol 
and  water.  Ignite  the  magnesium  oxalate  to  magnesium 
oxide,  in  a  platinum  crucible.  To  avoid  any  loss,  fold  up 
the  moist  filter  containing  the  precipitate  ;  heat  the  covered 
crucible  gently  at  first  and  proceed  as  directed  in  the 

*  Classen,  Zeit.  f.  aiial.  Chem.  Vol.  18,  p.  373. 

t  If  the  solution  to  be  precipitated  contains  free  acid,  the  latter 
must  be  removed  by  evaporation,  otherwise  compounds  are  formed 
which  are  not  quantitatively  precipitated  by  acetic  acid. 

J  If  a  sufficient  amount  of  amiponium  oxalate  is  present,  a  clear 
solution  results.  If  a  precipitate  forms,  add  enough  of  the  reagent  to 
form  the  soluble  double  salt. 

II  When  the  precipitate  has  settled,  test  for  further  precipitation 
with  a  little  more  acetic  acid. 
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Determination  ot  Calcium,  page  21."^ 

The  sulphuric  acid  may  be  determiiiecl  as  given  under 
Copper  Sulphate,  page  23. 

The  water  of  crystallization  of  the  salt  may  be  detei*- 
mined  by  drying  a  weighed  amount  at  210''  C,  to  constant 
weight. 

ZINC  SULPHATE. 

WHITE  VITRIOL. 

ZnSOA^-7H-20 

Determination  of  Zinc  as  Zinc  Oxide  : — Dissolve  about 
1.0  gram  of  the  salt  in  water  in  a  porcc^laiii  or  platinum 
dishf,  heat  to  boiling  and  gradually  add  sodium  carl)onate 
in  slight  excess.  Continue  the  boiling  for  a  few  minutes, 
decant  off  the  clear  liquid,  pour  hot  water  on  tlie  prc^cipi- 
tate  and  boil  again.  These  o|)eratior.s  must  be  i-epeated 
until  a  drop  of  the  filti'ate  leaves  no  residue  when  evap- 
orated on  platinum  foil.  Place  the  moist  precipitate  and 
filter  in  a  weighed  platinum  crucible  and  ignite  as  given 
under  Calcium  Carbonate.  Finally  heat  the  crucible  to  a 
low  red  heat  to  change  the  zinc  carbonate  into  zinc  oxide. 

The  zinc  oxide  should  be  tested  for  alumina  and 
silica. 

Second  Method  : — The  preceding  method  has  many 
disadvantages.  If  the  precipitation  is  not  made  in  a  platinum 
vessel,  the  zinc  carbonate  always  contains  appreciable 

*  The  magnesium  oxalate  should  be  heated  g-ently  at  first,  in  a 
covered  crucible,  and  the  temperature  g-radually  raised.  If  the  crucible 
is  heated  too  rapidly,  the  g-ases  ciirry  out  particles  of  the  precipitate. 

t  If  vessels  of  g-lass  or  inferior  porcelain  are  used  for  the  precipiui- 
tion,  the  zinc  carbonate  always  contains  silica  and  alumina.  Dist-olve 
the  igfnited  precipitate  in  hydrochloric  acid,  filter,  and  add  aramoniuni 
hydroxide  in  slight  excess. 
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amounts  of  the  constituents  of  the  poi-ceJain,  besides,  the 
complete  removal  of  the  sodium  cai*!)onate  from  the  precip- 
itate is  a  very  tedious  operation.  It  is  much  Cjuicker  to 
precipitate  the  zinc  as  oxalate  and  then  ignite  to  the 
oxide. ^'  Add  to  the  water  solution,  wliich  should  be 
iieuti*al  or  weakly  acidf  and  about  20-25  cc.  in  volume, 
sufficient  neutral  potassium  oxalate  (1  part  potassium 
oxalate  to  3  pai'ts  of  water)  to  i-e-dissolve  the  precipitate 
of  zinc  oxalate.  Heat  to  boiling  and  gi'adually  add  con- 
centrated acetic  acid, J;  stir,  and  continue  boiling  for  some 
time. 

The  quantity  of  acetic  acid  must  be  at  least  equal  to 
the  volume  of  the  solution.  (See  Determination  of  Mag- 
nesium as  Oxide.)  After  standing  for  about  G  hours  at  50° 
C,  filter,  and  wash  the  precipitate  with  equal  parts  of 
alcohol,  acetic  acid  and  watei',  until  a  drop  of  the  filtrate 
leaves  no  residue  when  evaporated  on  platinum  foil.  The 
zinc  oxalate  is  ignited  to  zinc  oxide  as  given  above.  If 
the  precipitate  is  not  sufficiently  washed,  it  is  contami- 
nated with  potassium  carbonate,  which  may  easily  be 
detected  by  moistening  the  precipitate  and  testing  with 
litmus  paper.  If  the  precipitate  has  an  alkaline  reaction, 
digest  for  some  time  on  the  water-bath  or  sand-bath  and 
then  remove  the  last  traces  of  the  alkali  by  filtering  off  the 
zinc  oxide  and  washing  with  hot  water.   Ignite  and  weigh. 

Determination  of  Zinc  as  Zinc  Sulphide  : — Zinc  may 
be  separated  as  zinc  sulphide  either  by  ammonium  sul- 
phide or  by  hj'di'ogen  sulphide.     The  precipitate  thrown 

*  Classen,  Zcit.  f.  anal,  i'hcm  Vol.  18,  p,  189. 

t  This  method  for  the  reparation  of  zinc  presupposes  as  neutral 
solution  as  possible.  Free  acid  must  be  completely  removed  by  evap- 
oration. 

X  See  note  ||,  ptige  28. 
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down  by  ammonium  sulphide  is  of  a  slimy  nature,  and  is 
much  more  difficult  to  filter  and  wash  than  that  produced 
by  hydrogen  sulphide.  For  the  first  method,  add  an^jmo- 
nium  nitrate''"'  to  the  dilute  solution,  then  add  ammonium 
hydroxide  until  the  resulting  precipitate  is  redissolved  ; 
heat, to  boiling  and  add  ammonium  sulphide  in  slight  ex- 
cess. Allow  to  stand  in  a  warm  place  until  the  zinc  sul- 
phide lias  settled.  Wash  the  precipitate  by  decantation, 
as  the  zinc  sulphide  clogs  the  filter.  Use  a  dilute  solution 
of  ammonium  nitrate  for  the  washing  liquid. 

To  precipitate  zinc  with  hydrogen  sulphide,  add  so- 
dium acetate  in  slight  excess  to  the  water  sohition,t  add 
a  few  drops  of  acetic  acid,  heat  to  boiling  and  pass  hydro- 
gen sulphide  until  the  liquid  is  completely  cold.  Filter, 
and  wash  the  precipitate  with  water  containing  ammo- 
nium nitrate. 

The  zinc  sulphide  may  be  weighed  as  such  ,  by  ignit- 
ing in  a  cui'rent  of  hydrogen.  The  hydrogen  generated  in 
a  Kipp's  apparatus  may  contain  arsine  and  hydrogen  sul- 
phide, and  should  be  passed  through  a  wash  bottle  con- 
taining a  solution  of  potassium  permanganate  in  concen- 
trated sulphuric  acid,  then  through  a  flask  filled  with 
caustic  soda  and  finally  through  concentrated  sulphuric 
acid.  Explosions  may  be  avoided  by  placing  a  small 
glass  tube  containing  cotton  between  discs  of  wire  gauze, 
immediately  back  of  the  last  drying  bottle  (Fresenius) . 
Remove  the  precipitate  as  completely  as  possible  from  the 
filter,  and  incinerate  the  latter  on  the  crucible  cover  after 

*  The  addition  of  ammonium  nitrate  facilitates  the  preci|)itation  of 
zinc  sulphide. 

t  In  the  quantitative  precipitation  of  zinc  by  hydrog-en  sulphide,  no 
free  acid  other  than  acetic  should  be  present.  The  addition  of  sodium 
acetate  serves  to  neutralize  any  liberated  mineral  acid. 
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moisteiiin^:  with  a  saturated  solution  of  ammoiiiuni  ni- 
ti-ate.  Tlieii  place  the  precipitate  and  fijter-ash  in  a  Rose 
crucible,  mix  with  a  little  powdered  sulphur,  cover,  and 
pass  hydrogen  from  the  Kipp's  a])paratus  while  gently 
heating.  The  crucible  should  not  be  heated  until  all  the 
air  has  been  expelled  from  the  apprn  atiis.  Ignite  for  5  or 
10  minutes,  then  cool  in  a  current  of  hydrogen. 

The  water  of  crystallization  may  be  determined  by 
drying  a  weighed  amount  of  the  zinc  sulphate  at  220°  C, 
to  constant  weight.  The  sulpiiui'ic  acid  is  determined  as 
given  on  page  23. 

NICKEL  SULPHATE. 

The  nickel  is  determined  by  transforming  it  into  nick- 
elous  hydroxide  and  igniting  to  nickelous  oxide,  NiO.  The 
separation  of  the  nickelous  hydroxide  is  best  effected  by 
heating  about  100  cc.  of  10%  solution  of  potassium  hy- 
droxide to  boiling  in  a  platinum  or  porcelain  dish,t  and 
then  adding  the  nickel  solution.  Boil  for  a  few  minutes 
more,  dilute  with  water,  decant,  and  wash  the  precipitate 
with  hot  water  by  decantation.  Since  the  precipitate 
holds  the  alkali  tenaciously,  the  ignited  nickelous  oxide 
must  be  repeatedly  extracted  with  hot  water. 

The  sulphuric  acid  is  determined  as  barium  sul- 
phate (see  ])age  23) . 


*  For  the  analysis  it  is  best  to  use  the  anhydrous  salt;  the  latter  is 
obtained  by  gently  heating-  the  crystallized  nickel  sulphate,  or  nickel- 
ammonium  sulphate,  in  a  platinum  or  porcelain  crucible. 

t  It  is  not  permissible  to  use  g-lass  vessels  for  the  precipitation, 
since  considerable  silica  and  alumina  "*vill  contaminate  the -precipitate. 
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COBALT  SULPHATE. 

The  cobalt  is  determined  by  i3recipitation  withsodium- 
or  potassium  hydroxide  as  given  under  nickel  sulpliate. 
As  the  ignition  of  the  precipitate  gives  a  mixture  of  dif- 
ferent oxides,  it  is  necessary  to  ]*educe  the  precipitate  to 
metallic  cobalt,  by  igniting  in  a  current  of  hydrogen.  For 
this  purpose  use  tlie  Rose  crucible  as  described  on  page  31. 

Repeatedly  extract  the  cobalt  with  hot  water  to  free 
it  from  the  last  trace  of  alkali,  and  after  drying,  reignite 
in  a  current  of  hydrogen. 

Second  Method  : — The  cobalt  may  also  be  precipitated 
by  Jannasch's  method,  as  follows  :  Dissolve  the  salt  in  iO 
cc.  of  water,  add  about  half  its  volume  of  sodium  hydrox- 
ide, then  add  40-50  cc.  hydrogen  peroxide  and  warm. 
Filter,  and  wash  the  precipitate  with  hot  water  and  ignite 
to  metallic  cobalt  in  a  current  of  hydrogen. 

As  the  precipitate  is  easy  to  filter  and  wash,  this 
method  is  preferable  to  precipitation  as  the  hydroxide.  In 
all  cases,  it  is  advisable  to  test  the  metallic  cobalt  for 
alkali. 

Sulphuric  acid  is  determined  as  usual. 

SEPARATION  OF  COBALT  FROM  NICKEL. 

First  Method  : — Precipitation  of  the  cobalt  as  cobalt- 
potassium  nitrite.  Dissolve  about  0.4  gram  of  cobalt-am- 
monium sulphate  and  about  the  same  amount  of  nickel- 
ammonium  sulphate t  in  10  cc.  of  water.    Add  concen- 

*  For  the  analysis,  use  the  anhydrous  sulphate  obtained  by  gently 
igniting-  Lhe  crystallized  salt. 

t  The  double  salts,  NiS04.(NH4)2S04-f6H20  and  CoS04.(NH4)2S04 
-(-6H2O,  are  easy  to  obtain,  as  they  crystallize  well  and  do  not  quick- 
ly effloresce. 
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t rated  potassium  or  sodium  hydroxide  in  slight  excess  and 
then  add  concentrated  acetic  acid  until  the  precipitate  is 
redissolved.  Add  to  this  solution  a  freshly  prepared,  sat- 
urated solution  of  potassium  nitrite*  which  is  acidified 
with  acetic  acid,  and  allow  to  stand  for  about  24 
liours.  After  standing,  test  a  small  amount  of  the  clear 
solution  with  more  potassium  nitrite  to  see  if  further  pre- 
cipitation ensues.  If  necessary,  add  more  of  the  reagent, 
allow  to  stand  and  repeat  the  test. 

Filter,  and  wash  with  a  solution  of  1  part  potassium 
acetate  and  9  parts  water  to  which  has  been  added  a  little 
potasium  nitrite  acidified  with  acetic  acid.  Continue  the 
washing  until  a  portion  of  the  filtrate,  after  neutralizing 
with  ammonium  hydroxide,  is  not  colored  brown  by 
10  times  its  volume  of  ammonium  sulphide.  Dissolve  the 
washed  precipitate  in  concentrated  hydrochloric  acid,  re- 
move the  excess  of  acid  by  evaporation  and  precipitate  the 
cobalt  with  potassium  or  sodium  hydroxide  as  given  in 
the  preceding  example. 

The  nickel  may  be  determined  in  the  filtrate  from  the 
cobalt  by  adding  hydrochloric  acid  and  evaporating  to 
dryness  ;  dissolve  the  residue  in  water,  add  a  little  hydro- 
chloric acid  and  precipitate  the  nickel  with  potassium  or 
sodium  hydroxide.  According  to  Jannasch,  the  precipi- 
tation of  nickel  is  not  influenced  by  the  presence  of  am- 
monium salts  if  hydrogen  peroxide  is  added  to  the  sodium 
hydroxide. 

Second  Method.  Precipitation  of  the  nickel  as  hy- 
droxide from  potassium  cyanide  solution: — The  method 

*  The  potassium  nitrite  should  be  tested  for  alumina,  silica  and  lead. 
To  be  independent  of  these  impurities  and  to  obtain  an  absolutely  accu- 
rate determination,  it  is  necessary  to  precipitate  the  cobalt  electrolyti- 
cally  from  the  solution  of  the  cobalt-potassium  nitrite.    See  note,  p.  1. 
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consists  in  transforming  both  metals  into  double  cyanides, 
potassium-cobalt  cyanide  and  potassium-nickel  cyanide  ^ 
and  then  precipitating  the  nickel  as  hydroxide  Ni2(OH)6 
from  the  alkaline  solutioii  of  these  compounds.  For  this 
purpose,  supersaturate  the  solution  with  potassium  hy- 
droxide, and  add  pure  potassium  cyanide  until  the  precip- 
itate redissolves  and  potassium  cyanide  is  in  slight  excess. 
Pass  chlorine  through  the  cold  solution  (previous  boiling- 
is  not  necessary),  or  add  bromine  or  freshly  prepared  so- 
dium hypochlorite  to  the  warm  solution  until  all  the  nick- 
el is  precipitated  as  black  hydroxide.  Filter,  and  wash 
the  precipitate  with  hot  water,  and  reduce  to  metallic 
nickel  in  a  current  of  hydrogen.  The  nickel  must  be  freed 
from  alkali  by  digestion  with  hot  water  and  it  should  be 
soluble  in  hydrocliloric  acid.  Any  residue  should  be  test- 
ed for  silica  and  alumina.* 

Add  sulphuric  acid  to  the  filtrate  and  evaporate  al- 
most to  dryness  ;  this  changes  the  colorless  potassium-co- 
balt cyanide  into  the  rose-red  sulphate.  Dissolve  in  water, 
filter  from  any  silica  present  (dissolved  from  the  vessels) , 
and  precipitate  the  cobalt  as  given  on  page  33. 

Third  Method.  Precipitation  of  nickel  from  the  dou- 
ble cyanide  solution  by  mercuric  oxide  : — The  solution  of 
the  double  salt  is  obtained  as  given  in  the  Second  Method, 
and  a  little  hydrochloric  acid  is  added  to  form  free  hydrocy- 
anic acid.  The  solution  is  then  boiled  for  some  time,  re- 
placing the  water  as  it  evaporates.  The  boiling  changes 
the  potassium  cobaltocyanide  into  potassium  cobalticyanide. 
Now  add  pure,  washed  mercuric  oxide,  and  boil  for  an 

*  As  the  latter  impurities  are  unavoidable  on  account  of  the  large 
amounts  of  alkali  introduced  into  the  solution,  it  is  advisable  to  deter- 
m  ine  the  nickel  electrolytically.  See  foot-note,  page  I. 
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liour,  which  precipitates  all  the  nickel.  Filter,  wash  with 
hot  water,  cby,  and  ignite  under  the  hood  to  nickelous 
oxide.  The  cobalt  can  be  determined  in  the  filtrate  as 
given  under  the  Second  Method. 

Fourth  Method.  Precipitation  of  the  Cobalt  with 
nitroso-/5-Naphthol,  CioHeO  (NOH)* : — This  substance  with 
cobalt,  forms  the  compound  [CioHgO  (NO)  ]  sCo,  cobalti- 
nitroso-;5-naphthol,  which  is  insoluble  in  hydrochloric  acid, 
whereas  the  nickel  compound,  [CioH60(NO)]  2Ni,  is  soluble 
in  hydrocliloric  acid.  Add  4-5  cc.  hydrochloric  acid  to  the 
solution  of  the  sulphates  of  cobalt  and  nickel,  warm,  and 
add  a  hot  solution  of  nitroso-i^-naphthol  in  50%  acetic  acid 
as  long  as  precipitation  ensues.  After  the  precipitate  has 
settled,  test  to  see  if  the  precipitation  is  complete.  Allow 
to  stand  for  a  few  hours  at  the  ordinary  temperature,  fil- 
ter, and  wash  first  with  cold  and  then  with  warm  12% 
hydrochloric  acid  until  all  nickel  is  removed,  and  then 
wash  with  hot  water  to  remove  all  hydrochloric  acid.  Dry 
the  precii)itate,  fold  the  paper,  and  ignite  in  a  Rose  cruci- 
ble after  adding  a  little  pure,  crystallized  oxalic  acid.  To 
avoid  loss,  incinerate  the  filter  first  at  a  low  temperature, 
gradually  increase  the  temperature  and  finally  reduce  to 
metallic  cobalt  in  a  current  of  hydrogen,  and  determine 
the  weight  of  the  metal.     (See  page  31) . 

Add  sulphuric  acid  to  the  filtrate  containing  the  nick- 
el, evaporate  the  greater  part  of  the  acid,  and  precipitate 
the  nickel  as  given  on  page  34. 

Since  the  cobalt  precipitate  is  very  voluminous,  this 
method  is  especially  suitable  for  the  determination  of  a 


*  V.  Knorre  and  Illinski,  Ber.  deutsch  chem.  Gesell.  1885,  p.  699. 
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small  amount  of  cobalt  in  the  presence  of  a  large  amount 
of  nickel. 

MANGANOUS  CHLORIDE, 

First  Method.  Determination  of  Manganese  as 
MnsOi : — Dissolve  1.  gram  of  the  salt  in  water  in  a  platin- 
um or  porcelain  disli,  heat  almost  to  boiling  and  preci])i- 
tate  with  an  excess  of  sodium  carbonate.  Treat  the  pre- 
cipitate of  manganous  carbonate  exactly  as  given  in  tlie 
determination  of  zinc,  page  29.  The  filtrate  still  contains 
a  trace  of  manganese  in  so-lution  ;  to  separate  it,  evaporate 
to  dryness  in  a  platinum  or  porcelain  disli,  dissolve  the 
residue  in  hot  water  and  filter  off  the  precipitate  on  a  sep- 
arate filter.  Strongly  ignite  the  two  precipitates  together 
with  access  of  air  in  a  platinum  crucible  over  the  bhist 
lamp.  Tlie  manganous  carbonate  is  changed  to  MnsOi. 
As  the  pi'ecipitate  persistently  holds  alkali,  the  ignited 
residue  must  be  washed  with  hot  water.  Decant  through 
a  small  filter,  incinerate  the  latter  and  add  the  ash  to  the 
crucible  and  ignite  over  the  blast  lamp  to  constant  weight. 
According  to  the  author's  experience,  it  is  not  easy  to  ob- 
tain a  constant  weight.  It  is  therefore  preferable  to  de- 
termine the  manganese  as  the  sulphate  as  recommended 
by  Volliard.  For  this  purpose  add  to  the  crucible  a  little 
pure,  concentrated  sulphuric  acid,  carefully  evaporate  the 
excess  of  acid,  and  ignite  the  residue  a.t  a  moderate  heat 
so  that  the  bottom  of  the  crucible  is  at  a  very  low  red. 
The  precipitate  is  weighed  as  MnS04. 

Second  Method.  Precipitation  with  ammoniacal  hy- 
drogen peroxide.  (Jannasch)  : — Dissolve  the  sample  in 
about  100  cc.  of  water  in  a  porcelain  dish,  add  a  mixture 
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of  40-50  cc.  of  3%  hydrogen  peroxide  and  10-20  cc.  of 
concentrated  ammonium  h3^droxide.  Tlie  manganese  is 
])recipitat.ed  as  a  dark  brown,  hydrated  peroxide.  If  tlie 
hydrogen  peroxide  has  been  added  in  sufficient  excess,  the 
solution  will  contain  small  pearly  bubbles  after  stirring. 
Cover  the  dish,  and  heat  on  the  water-bath  for  10  or  15 
minutes;  filter,  and  w^ash  the  precipitate  with  boiling  di- 
lute ammonium  h^'droxide,  and  then  with  pure  w^ater,  un- 
til a  portion  of  the  filtrate  leaves  no  residue  when  evapo- 
rated on  a  platinum  foil.  Ignite  the  precipitate  and  filter 
in  a  platinum  crucible,  which  changes  it  to  Mn304.  Com- 
pare the  preceding  method. 

Determination  of  Manganese  as  Manganous  Sul- 
pliide  : — -In  some  cases,  where  manganese  must  be  sej)arat- 
ed,  it  is  necessai-y  to  pi'ecipitate  it  as  sulphide.  Add  ammo- 
nium chloride  or  nitrate  in  slight  excess  to  the  solution  of 
the  salt,  then  add  ammonium  hydroxide  to  alkaline  reac- 
tion, heat  to  l)oiling  and  pi'ecipitate  w^ith  ammonium  sul- 
phide. Tlie  flesh-colored,  hydrated  manganous  sulphide 
possesses  the  property  of  stopping  the  pores  of  the  filter, 
and  easily  passes  through  the  filter  on  washing,  while  the 
anhydrous,  green  sulphide  which  is  much  more  dense,  ma}^ 
easily  be  filtered  and  washed.  To  precipitate  the  anhy- 
di'ous  sulphide,  add  a  little  potassium  oxalate  and  boil  for 
a  few  minutes.  The  addition  of  ammonium  hydroxide 
and  ammonium  sulphide  to  tlie  hot  solution,  produces  at 
once  either  the  green  sulphide  or  a  mixture  of  the  two 
compounds  ;  complete  change  into  the  anhydrous  sulphide 
soon  takes  place  on  warming  on  the  sand-bath.* 

According  to  Meineke,  the  anhydrous  sulphide  may 
also  be  obtained  by  adding  ammonium  hydroxide  in  large 
*  Classen,  Zeit.  f.  anal.  Chera.  Vol.       p.  318. 
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excess  to  the  boiling  solution,  and  then  precipitating  with 
ammonium  sulphide  ;  boil  a  few  minutes  and  filter.  If 
Meinke's  directions  are  followed,  a  small  amount  of  man- 
ganese passes  into  the  filtrate,  owing  to  decomposition  of 
the  ammonium  sulphide. 

The  manganous  sulphide  mixed  witli  sulphui',  must 
be  ignited  in  a  current  of  liydrogen  over  the  l)last,  as  it 
may  retain  sulphur.  It  is  necessary  to  allow  the  precipi- 
tate to  cool  in  hj^drogen,  as  the  warm  manganous  sulphide 
is  easily  oxidized  in  the  air. 

The  determination  is  much  more  simple  and  accurate  if 
tlie  precipitate  is  ignited  in  a  platinum  crucible,  then 
moistened  with  concentrated  sulphuric  acid  and  gently 
ignited  to  the  sulphate  as  given  above.  The  chlorine  may 
be  determined  b}^  dissolving  0.5-1.  gram  of  the  substance 
in  water,  and  jDrecipitating  w^ith  silver  nitrate  as  given 
under  Barium  Chloride,  page  26. 

Dry  a  weighed  sample  of  the  salt  at  150°  C.  to  con- 
stant weiglit,  for  the  water  of  crystallization. 

POTASSIUM  BICHROMATE. 

Dehydrate  the  salt  by  fusing  at  a  gentle  heat.  Dis- 
solve from  0.5-1.  gram  of  the  dehydrated  salt  in  25-30  cc. 
of  w^ater,  add  hydrochloric  acid  and  alcohol,  and  boil  un- 
til the  liquid  has  assumed  an  intensely  green  color.  After 
the  alcohol  has  been  expelled,  heat  to  boiling  in  a  platin- 
um or  porcelain  dish*  and  add  ammonium  hydroxide  in 
slight  excess.    As  the  chromic  hydroxide  is  somewhat  sol- 

*  The  precipitation  should  not  be  made  in  glass  vessels,  as  ammo- 
nium hydroxide,  as  well  as  potassium  or  sodium  hydroxide,  attacks  the 
glass. 
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iible  ill  aramoniura  hydroxide,  Iieat  on  tlie  water- bath  un- 
til the  supernatant  liquid  is  perfectly  colorless,  and  the 
odor  of  ammonia  can  no  longei'  be  detected.  Wash  the 
precipitate  by  decantation  with  hot  water,  and  ignite  the 
hlter  and  precipitate  to  constant  weight  in  a  platinum 
crucible.    Weigli  as  Cr203. 

Second  Method  : — Dissolve  a  weighed  amount  of  the 
salt  in  water,  add  sodium  acetate  in  excess,  acidify  wdth 
acetic  acid  and  precipitate  with  neutral  lead  acetate.  The 
lead  chromate  is  filtered  off  on  a  filtei'  which  has  been 
dried  at  100°  C.  and  weighed,  and  the  precipitate  then 
washed  with  cold  water  and  dried  to  constant  weight,  or 
what  is  less  to  be  recommended,  it  may  be  gently  ignited 
in  a  porcelain  crucible. 

Determination  of  Potassium  :- — Evaporate  tlie  filtrate 
from  the  chromic  hydroxide  to  dryness,  in  a  porcelain  or 
platinum  dish,  and  gently  ignite  the  residue  to  volatilize 
the  ammonium  chloride.  Dissolve  the  salt  in  the  least 
possible  amount  of  water,  filter,  and  evaporate  the  filtrate 
in  a  weighed  platinum  dish.  The  potassium  chloride  may 
be  dried  at  120-130°  C.  in  the  air-bath  to  constant  weight, 
or  it  may  be  gently  heated  in  a  well  closed  crucible. 
Since  potassium  chloride  is  volatile  at  high  a  temperature, 
the  bottom  of  the  crucible  should  not  be  heated  above  a 
low  red  heat. 

SODIUM  PHOSPHATE. 

Na-iHPOi^l^H-jO 

The  deterinination  of  pliosplioric  acid  depends  upon 
its  separation  as  ammonium-magnesium  pliosphate,  and 
ignition    of   the   latter   to    magnesium  pyrophosphate, 
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Mg^P-iOv.  If  exact  and  concordant  results  are  to  be  ob- 
tained, the  precipitation  must  be  made  under  definite  con- 
ditions. 

Dissolve  about  0.5  gram  of  the  air-dried,  crystallized 
salt  in  50  cc.  of  water,  add  1/3  the  volume  of  ammonium 
hydroxide,  and  then  add  drop  by  drop,  and  with  constant 
stirring,  10  cc.  of  magnesium  chloride  solution  which  con- 
tains 101.5  grams  of  crystallized  magnesium  chloride,* 
200.  grams  of  ammonium  chloride  and  400.  grams  of  am- 
monium hydroxide  (.96  Sp.  Gr.)  in  a  liter.  After  stand- 
ing coldf  for  2  or  3  hours,,  filter,  and  wash]:  with  2  1/2% 
ammonium  hydroxide  solution  until  the  filtrate  gives  no 
test  for  chlorine.  Dry  the  precipitate  and  place  it  in  a 
.porcelain  crucible,  incinerate  the  filter  on  an  inverted  cru- 
cible cover,  moisten  the  precipitate  and  filter- ash  with 
nitric  acid,  heat  gently  for  about  5  minutes,  then  gradual- 
ly increase  the  temperature  to  a  full  red  heat. 

If  the  magnesium  pyrophosphate  is  not  pure  white, 
moisten  it  again  with  nitric  acid  and  repeat  the  ignition. 
A  possible  reduction  of  the  precipitate  on  incinerating  the 
filter,  may  be  avoided  by  dissolving  the  ammonium-mag- 
nesium phosphate  off  the  filter  with  nitric  acid  (1.20  Sp. 
Gr.)  and  evaporating  the  filtrate  to  dryness  in  a  porcelain 
crucible  on  the  sand-bath.    Ignite  as  given  above. 

Indirect  Determination  of  Phosphoric  Acid  : — In  all 
cases  where  phosphoric  acid  must  be  determined  in  the 

*  Log-es  recommends  the  use  of  a  correspond ing-  amount  of  the 
double  salt,  Mg-Cb.  NH4CI  -\-  6H2O,  which  does  not  deliquesce  in  the 
air  like  the  magnesium  chloride. 

t  If  the  solution  is  dilute  and  contains  less  than  .05  gram  of  phos- 
phoric acid  in  100  cc,  it  should  stand  for  some  time  to  allow  a  complete 
separation  of  the  precipitate. 

%  The  precipitate  is  not  entirely  insoluble  in  dilute  ammonium  hy- 
droxide; a  filter  pump  should  therefore  be  used  to  hasten  the  washing. 
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presence  of  metals  which  would  be  precipitated  by  ammo- 
nium hydroxide,  the  preceding  method  cannot  be  used  di- 
rectly. In  such  cases,  it  is  necessary  to  first  separate  the 
phosphoric  acid  as  ammonium  phospho-molybdate,  and 
from  the  solution  of  the  latter,  to  precipitate  tlie  phos- 
phoric acid  with  magnesium  chloride.  The  formation  of 
the  ammonium  phospho-molybdate,  which  is  insoluble  in 
nitric  acid,  like  the  the  precipitation  of  the  ammonium- 
magnesium  phosphate,  requires  the  observance  of  definite 
conditions. 

Dissolve  about  .3  gram  of  the  substance  in  about  10 
cc.  of  water,  and  add  about  100-150  cc.  ammonium  mol- 
ybdate  solution.^  Sufficient  ammonium  molybdate  should 
be  added  so  that  there  is  about  1.  cc.  for  1.  milligram  of 
P'iOs.  For  complete  precipitation  of  the  "phosphoric  acid, 
the  solution  should  stand  for  1/2  hour  at  a  temperature 
of  80°  C.  Filter  ofi' the  yellow  precipitate  of  ammonium 
phospho-molybdate  and  wash  it  by  decantation  with  dilute 
(1/3)  ammonium  molybdate  or  with  ammonium  nitrate 
(20  grams  salt  in  100  cc.  water)  which  has  been  acidified 
with  nitric  acid. 

Dissolve  the  precipitate  in  2  1/2%  ammonium  hydrox- 
ide, then  dilute  to  about  100  cc.  with  dilute  ammonium 
hydroxide.  Add  drop  by  drop,  with  constant  stirring, 
10-15  cc.  of  magnesium  chloride  solution  and  proceed  as 
in  the  direct  determination  of  phosphoric  acid. 

Determination  of  Sodium  : — For  the  direct  determina- 
tion of  sodium,  the  phosphoric  acid  must  be  removed. 
Dissolve  about  0.5  gram  of  the  salt  in  water  and  acidify 

*  The  ammonium  molybdate  solution  is  prepared  by  dissolving-  150 
grams  of  ammonium  molybdate  in  a  liter  of  water  and  adding'  a  liter  of 
pure  nitric  acid  of  the  ordinary  concentration.  100  cc.  of  the  solution 
corresponds  to  about  .1  gram  of  phosphoric  acid. 
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with  hydrochloric  acid.  Add  a  sufficient  amount  of  ferric 
chloride,  dilute  to  150-200  cc.  with  water,  and  add  ammo- 
nium hydroxide  to  neutral  reaction  and  boil.  The  volum- 
inous red  precipitate  formed  is  a  mixture  of  ferric  hydrox- 
ide and  ferric  phosphate.  Filter,  and  wash  by  decanta- 
tion  with  hot  water,  until  the  filtrate  gives  no  test  for 
chlorine.  Evaporate  the  filtrate  to  dryness  in  a  platinum 
or  porcelain  dish  and  remove  ammonium  chloride  by 
gently  heating  the  residue.  Proceed  as  given  in  the  De- 
termination of  Potassium.  See  Potassium  Bichromate, 
page  40. 

Determination  of  Water  of  Crystallization  : — Sodium 
phosphate  loses  all  its  water  of  crystallization  when  dried 
at  300°  C.  If  the  anhydrous  salt  is  gently  ignited,  sodium 
pyrophosphate  is  formed. 

2  Na2HP04=Na4P207+H20. 

LEAD  CHROMATE. 

Finely  pulverize  the  substance,  dry  at  100°C.  and  di- 
gest about  0.5  gram  with  fuming  hydrochloric  acid  until 
completely  decomposed ;  evaporate  the  excess  of  acid. 
This  forms  lead  chloride  and  chromic  chloride.  For  the 
complete  separation  of  the  foi-mer,  cool  the  solution,  add 
an  excess  of  90-95  %  alcohol  and  filter  the  lead  chloride 
on  a  filter  which  has  previously  been  dried  at  100°C.  and 
weighed.  Wash  with  alcohol  and  dry  at  100°C.  to  con- 
stant Aveight. 

After  expelling  the  alcohol  and  hydrochloric  acid 
from  the  filirate,  the  chromium  is  separated  as  chromic 
hydroxide  according  to  the  method  given  under  Potassium 
Bichromate,  page  39. 
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Another  method  for  the  separation  of  lead  and  chrom- 
ium depends  upon  the  precipitation  of  the  former  as  lead 
sulphide  in  hydrochloric  acid  solution.  Add  hot  water  to 
the  solution  until  all  the  lead  chloride  is  dissolved,  and 
pass  a  current  of  hydrogen  sulphide.*  Filter  off  the  lead 
sulphide,  and  wash  with  water  containing  hydrogen  sul- 
phide. Add  a  little  powdered  sulphur  and  ignite  in  a 
current  of  hydrogen. f  Weigh  as  lead  sulphide.  See 
page  31. 

The  chromium  is  determined  in  the  filtrate  as  given 
above. 

SEPARATION  OF  IODINE  FROM  CHLORINE. 

First  method.  Precipitation  of  the  Iodine  as  Palla- 
dous  Iodide  : — Dissolve  about  .25  gram  each  of  potassium 
iodide  and  sodium  chloride  in  water,  and  slightly  acidify 
with  nitric  acid.  Add  pallaclous  nitrate,  Pd(N03)2,  in 
slight  excess.  Allow  to  stand  from  24  to  48  hours  in  a 
warm  place,  then  filter  off  the  brownish-black  precipitate 
of  palladous  iodide,  PdL,  on  a  weighed  filter,  wash  with 
warm  water,  and  dry  at  80°C.  to  constant  weight.  Or, 
the  precipitate  and  filter  may  be  ignited  in  a  Rose  cruc- 
ible until  the  carbon  of  the  paper  is  burned  off,  and  then 
reduced  to  metallic  palladium  in  a  current  of  hydrogen. 

Before  the  chlorine  can  be  determined  as  silver  chlor- 
ide in  the  filtrate,  the  excess  of  palladium  must  be  re- 
moved.   Pass  hydrogen  sulphide  through  the  warm  solu- 

*  The  precipitation  of  lead  as  lead  sulphide  from  hydrochloric  acid 
solution  is  complete  only  if  the  liquid  is  very  dilute  and  the  hydrog-en 
sulphide  is  passed  throuo-h  the  solution  for  a  long-  time. 

t  Lead  sulphide  is  volatilized  on  strong  ignition.  Care  must  there- 
fore be  taken  that  only  the  bottom  of  the  crucible  is  at  a  low  red  heat. 
Classen,  Jour.  f.  prakt,  Chem.,  Vol.  96,  p.  257. 
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tioii,  filter  off  the  pallaclous  sulphide,  and  destroy  the  ex- 
cess of  hydrogen  sulphide  with  either  chlor^ie- — free  hy- 
drogen peroxide  or  ferric  sulphate.  After  the  liquid  has 
stood  for  some  time  in  a  covered  dish  on  the  water-bath , 
filter  off  the  separated  sulphur  and  precipitate  the  chlor- 
ine with  silver  nitrate  as  usuaL 

Second  Method.  Precipitation  of  the  Iodine  as  Th al- 
iens Iodide.  (Jannasch  and  Aschoff.)  :-— The  separation 
depends  upon  the  following  facts  :  Thallous  Iodide  is  very 
slightly  soluble  in  cold  water  ;  thallous  chloride  is  slightly 
soluble  in  cold  water  but  dissolves  much  more  easily  on 
the  addition  of  certain  salts,  while  these  salts  at  the  same 
time  lessen  the  solubility  of  the  iodide.  If  alcohol  is  now 
added,  the  iodide  is  insoluble. 

Proceed  as  follows  :  Dissolve  about  0.5  gram  of  a 
mixture  of  sodium  chloride  and  potassium  iodide  in  about 
40-50  cc.  water,  add  50  cc.  of  a  20%  ammonium  sulphate 
solution  and  30  cc.  of  alcohol.  If  these  conditions  are 
strictl}'  observed,  alkaline  sulphate  is  not  precipitated 
with  the  iodide. 

Now^  add  a  4  %  solution  of  thallium  sulphate  until 
all  iodine  is  precipitated.  The  thallous  iodide,  Til,  settles 
quickly  if  the  solution  is  gently  warmed.  Allow  to  stand 
for  12  hours  at  the  ordinary  temperature,  filter  on  a 
weighed  filter,  using  suction,  w^ash  2  or  3  times  w^ith  a 
mixture  of  5  parts  ammonium  sulphate,  70  parts  w^ater 
and  30  parts  alcohol  and  dry  at  100^  C.  to  constant 
weight. 

Expel  the  alcohol  from  the  filtrate  by  heating  on  the 
water-bath,  and  dilute  to  300  cc.  Add  silver  nitrate,  acid- 
ify with  nitric  acid,  and  heat.  Allow  the  solution  to 
stand  hot  for  some  time,  so  that  no  silver  sulphate  will 
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ciystallize  out,  filter  off  the  silver  chloride  and  determine 
it  as  given  mi  page  26. 

Third  Method.  Determimation  by  Difference  : — Di- 
lute the  solution  to  100  cc,  and  divide  into  2  equal  parts. 
In  one  half  of  the  solution  precipitate  the  iodine  with  pal- 
ladous  chloride  as  given  in  the  first  method,  and  in  the 
other  half,  precipitate  both  halogens  together  with  silver 
nitrate.  Filter  off  the  precipitate  in  an  asbestos  tube 
(page  15) ,  and  determine  the  weight  of  the  silver  precip- 
itate. From  the  weight  of  the  silver  precipitate,  subtract 
the  amount  of  silver  iodide  which  corresponds  to  the 
weight  of  the  iodine  in  the  palladous  iodide,  and  thus  ob- 
tain the  silver  chloride  by  difference, 

SEPARATION  OF  IODINE  FROM  BROMINE. 

First  Method.  Precipitation  of  the  Iodine  as  Palladous 
Iodide  : — ^Proceed  exactly  as  given  in  the  Separation  of 
Iodine  from  Chlorine,  page  44.  The  silver  bromide  ob- 
tained is  treated  like  the  silver  chloride.  After  the  filter 
has  been  burned  in  a  porcelain  crucible,  add  a  few  drops 
of  nitric  acid  and  warm,  then  add  a  few  drops  of  bromine 
water  and  evaporate  to  dryness. 

Second  Method  : — Iodine  and  bromine  may  be  deter- 
mined by  difference  in  a  manner  similar  to  the  Separation 
of  Iodine  from  Chlorine.    See  Third  Method,  i^age  46. 

Indirect  Determination  of  Bromine  in  the  presence  of 
Chlorine  : — The  method  depends  upon  the  precipitation  of 
both  halogens  by  silver  nitrate  and  the  subsequent  con- 
version of  the  silver  bromide  into  silver  chloride  by  means 
of  gaseous  chlorine.  Dissolve  about  0.5  gram  of  a  mix- 
ture of  potassium  bromide  and  sodium  chloride  in  100  cc. 


SEPABATION  OF  IODINE  FROM  BROMINE 


47 


of  water,  add  silver  nitrate,  acidify  with  nitric  acid,  and 
warm.  Filter  off  the  precipitate  in  an  asbestos  tube 
(page  15),  dry  at  125-150°  C.  and  weigh.  Let  P  repre- 
sent the  weight  of  the  precipitate.  . 

Close  the  large  end  ot  the  tube  with  a  one-hole  stop- 
per through  which  passes  a  short  piece  of  glass  tubing, 
and  clamp  firmly  in  a  stand.  Pass  a  current  of  chlorine* 
through  the  tube,  loosening  the  precipitate  on  the  asbestos 
to  facilitate  the  passage  of  the  gas.  Warm  the  tube 
gently,  and  at  the  same  time  rotate  it  on  its  axis  so  as  to 
offer  as  large  a  surface  as  possible  to  tlie  chlorine.  Grad- 
ually increase  the  temperature  for  15  minutes,  avoiding 
fusion  of  the  precipitate.  Repeat  this  operation  until 
constant  weight  is  obtained.  Let  p  represent  the  weight 
of  the  silver  chloride  found. 

Let  X  and  y  represent  the  weights  of  silver  bromide 

and  silver  chloride,  respectively,  in  the  mixed  precipitate, 
then, 

x  +  y==P  -       -  (1) 

■  After  replacing  the  bromine  by  chlorine,  143.38  parts 

by  weight  of  silver  chloride  are  obtained  from  187.89  parts 

by  weight  of  silver  bromide  ;  and  from  x  parts  by  weight 
143  38 

of  silver  bromide,   ^q>.''  .  x,  or,  .7631x  parts  bv  wei^-ht 

of  silver  chloride,  from  which  the  second  equation  is  ob- 
tained, 

0.7631x+y=p       -       -  -(2) 
By  subtraction,  (l)-(2),  we  obtain 
0.2369x=P-p,  from  whicl^ 

*  For  analytical  purposes,  chlorine  may  be  prepared  most  conven- 
iently by  heating"  potassium  bichromate  with  hydrochloric  acid.  Pass 
the  gas  through  a  wash  bottle  containing  water,  to  remove  hydrochloric 
acid  and  then  through  a  wash  bottle  containing  sulphuric  acid,  to 
dry  it. 
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The  indirect  determination  of  iodine  in  the  presence 
of  clilorine  is  made  in  a  similar  manner.  The  calculation 
is  similar,  and  gives, 

If  only  relatively  small  amounts  of  bromine  or  iodine 
are  present,  the  results  of  the  indirect  method  are  less  ex- 
act, because  the  difference  P-p  is  too  small,  and  therefore 
the  unavoidable  error  is  influenced  too  much.  For  the 
determination  of  very  small  amounts  of  iodine,  Jannasch's 
method,  described  below,  is  suitable. 

Determination  of  Chlorine  or  Bromine  in  the  presence 
of  Iodine,  by  expelling  the  latter.  (Gooch.)  : — This 
method  depends  upon  the  fact  that  free  iodine  can  be  re- 
moved, by  boiling  under  conditions  which  will  not  volatil- 
ize the  hydrochloric  acid.  A  yerj  dilute  solution  of  hy- 
drochloric acid  can  be  boiled  down  to  one-fourth  of  its 
original  volume,  without  litmus  showing  a  trace  of  acid  in 
the  vapor. 

Place  about  .5  gram  each  of  potassium  iodide  and  so- 
dium chloride  or  bromide  in  a  flask  of  at  least  a  liter  ca- 
pacity, and  dissolve  in  600.-700.  cc.  of  water  ;  add  2.-3. 
cc.  of  dilute  sulphuric  acid  and  then  add  a  sufficient 
amount  of  sodium  nitrite.  The  nitrous  acid  decomposes 
the  potassium  iodide  according  to  the  equation  : 

2KI-h2HN02+2H2S04=-l2+2KHS04+2NO-f-2H20. 

Boil  the  liquid  until  the  yellow  color  has  disappeared, 
and  reddened  litmus  paper  is  not  colored  lavender  blue  by 
the  vapors,  which  will  require  about  i  hour  ;  the  liquid 
should  not  concentrate  to  less  than  500.  cc. 

The  chlorine  or  bromine  can  now  be  determined  as 
usual. 


DIRECT  SEPARATION  OF  IODINE,  BROMINE  AND  CHLORINE 


49 


If  it  is  desired  to  determine  the  iodine,  the  indirect 
method  may  be  used.  Precipitate  the  iodine  and  the 
Other  halogen  with  silver  nitrate,  and  from  their  weight, 
subtract  the  weight  of  the  silver  halogen,  found  after  ex- 
pulsion of  the  iodine.  The  difference  is  the  weight  of  the 
silver  iodide. 

Iodine  may  also  be  determined  indirectly  in  a  mixture 
containing  all  three  halogens,  by  expelling  the  iodine  as 
given  above  and  then  determining  the  weight  of  the  two 
remaining  halogens  as  silver  salts.  Subtract  the  weight 
of  the  two  silver  halides  from  the  weight  of  the  silver 
chloride,  bromide  and  iodide  found  in  a  separate  sample, 
to  obtain  the  weight  of  the  silver  iodide.  The  weight  of 
iodine  can  easily  be  calculated  from  the  weight  of  the  sil- 
ver iodide. 

Iodine  may  also  be  liberated  by  ferric  sulphate  in- 
stead of  potassium  nitrite,  according  to  the  equation  : 
2KI  +  Fe2(S04)3=l2-f2FeS04+K2S04 
All  reagents  used  must  be  free  from  chlorine. 

DIRECT  SEPARATION  OF  IODINE,  BROMINE  AND 

CHLORINE. 

Jannasch  and  Aschoff  have  based  a  direct  determina- 
tion of  iodine  upon  the  principles  involved  in  the  preced- 
ing method.  The  iodine  is  liberated  by  sodium  nitrite 
and  sulphuric  acid  and  distilled  over  into  sodium  hydrox- 
ide. .  After  the  iodine  is  eliminated,  the  bromine  is  liber- 
ated by  potassium  permanganate  and  acetic  acid,  and 
similarly  distilled  and  absorbed  by  sodium  hydroxide. 
The  separated  halogens  may  then  be  determined  in  the 
usual  manner. 
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Fig.  17. 

1.  Determination  of  Iodine  :■ — A  strong-walled  flask  K, 
Fig.  17,  with  a  ground  glass  stopper,  is  used  for  the  distilla- 
tion. A  tube  for  the  introduction  of  steam,  reaching  nearly 
to  the  bottom  of  the  flask,  and  a  tube  for  carrying  the  iodine 
vapor  over  into  the  sodium  hydroxide  solution,  are  fused 
into  the  stopper.  The  tube  carrying  the  iodine  vapor 
should  have  the  form  shown  in  the  figure,  to  prevent  the 
solution  being  carried  over.  A  deep  cylindrical  flask,  of 
at  least  500  cc.  capacity,  is  used  to  hold  the  sodium  hy- 
droxide solution  ;  to  avoid  any  loss  of  iodine  which  might 
be  carried  over  mechanically,  a  Peligot  tube  and  an  Er- 
lenmeyer  flask  are  connected  with  the  main  absorption 
flask.  The  latter  should  be  cooled  during  the  distillation, 
preferably  in  a  breaker,  so  that  the  reaction  may  be  ob- 
served. W  is  an  apparatus  in  which  steam  may  be  gen- 
erated. 

Place  a  mixture  of  about  .250-. 300  gram  each  of  so- 
dium chloride,  potassium  bromide  and  potassium  iodide 
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ill  the  distilling  flask  and  dissolve  in  about  750  cc.  of  wa- 
ter. Add  5.  cc  of  dilute  sulphuric  acid  and  then  1  gram 
of  sodium  nitrite  in  10.  cc.  of  water  and  stopper  at  once. 
Connect  with  the  absorption  flask,  which  should  contain 
50.  cc.  of  pure  sodium  hydroxide  in  50.  cc.  of  hydrogen 
peroxide ;  the  Peligot  tube  should  contain  a  suitable 
amount  of  the  same  mixture,  and  the  Erlenmeyer  flask, 
25-50  cc.  of  very  dilute,  sodium  peroxide  solution. 

Now  pass  a  current  of  sieam  into  the  flask  ;  the  iodine 
vapor  at  first  condenses  in  the  cold  tube,  but  it  is  soon 
carried  over  into  the  sodium  hydroxide  solution,  where 
oxygen  is  liberated  in  considerable  quantity.  The  reac- 
tion is  as  follows  : 

6NaOH+6I=5NaI+NaI03+3H20. 

Since  the  presence  of  iodate  interferes  with  the  pre- 
cipitation of  iodide  by  silver  nitrate,  hydrogen  peroxide  is 
added  to  the  sodium  hydroxide,  which  reduces  the  iodate 
to  iodide,  with  liberation  of  oxygen  : 

NaI03-h3H202=NaH-3H20+60. 

After  distilling  for  about  15  minutes,  the  solution  in 
the  distilling  flask  will  be  completely  decolorized,  showing 
the  complete  removal  of  the  iodine.  To  prevent  the  so- 
dium hydroxide  from  sucking  back,  the  current  of  steam 
should  not  be  stopped  until  the  exit  tube  has  been  re- 
moved from  the  absorption  flask.  Rinse  off  the  tube  with 
water,  transfer  the  contents  of  the  tw^o  absorption 
flasks  to  a  porcelain  dish  and  add  50  cc.  of  hydrogen  per- 
oxide to  oxidize  any  traces  of  sodium  nitrite  ;  cover  the 
dish,  and  warm  for  some  time  on  the  water-bath.  Stir, 
and  add  a  solution  of  silver  nitrate  until  a  permanent 
brown  precipitate  of  silver  hydroxide  is  formed ;  the 
iodine  gradually  decomposes  the  silver  hydroxide,  forming 
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yellow  silver  iodide,  and  the  permanent  brown  silver  hy- 
droxide shows  that  sufficient  silver  nitrate  has  been  added 
to  change  the  sodium  iodide  into  silver  iodide.  Acidify 
with  nitric  acid,  warm  on  the  water-bath  until  the  preciiD- 
itate  has  settled,  filter  while  hot,  and  determine  like 
silver  chloride,  page  26.  The  solution  should  not  be  al- 
lowed to  cool,  as  the  precipitate  may  be  contaminated  with 
silver  nitrate,  which  is  difficult  to  wash  out. 

2.  Determination  of  Bromine  : — Add  sodium  h3alrox- 
ide  to  the  contents  of  the  distilling  flask,  to  weakly  alka- 
line reaction,  to  prevent  volatilization  of  hydrochloric  or 
hydrobromic  acid,  and  concentrate  to  500  cc.  It  is  ad- 
visable to  use  a  flask  of  about  f-1  liter  capacity.  Cool  the 
solution,  and  add  60  cc.  of  dilute  acetic"^'  acid  (1-2),  and 
then  a  concentrated  solution  of  1-1  i  grams  of  potassium 
permanganate.  Connect  tlie  apparatus  as  in  the  distilla- 
tion of  iodine,  and  pass  a  current  of  steam.  The  liquid 
gradually  becomes  cloudy  by  separated  manganese  diox- 
ide, and  after  distilling  45-75  minutes,  the  bromine  will 
be  expelled.  The  disappearance  of  bromine  vapors  is  not 
a  certain  indication  that  the  bromine  has  all  been  expelled, 
as  traces  are  held  in  the  solution  for  a  long  time.  The 
current  of  steam  should  not  be  too  rapid,  as  the  bromine 
might  not  all  be  absorbed  by  the  sodium  hydroxide. 

After  distillation,  treat  the  contents  of  the  absorption 
flasks  as  given  under  the  determination  of  iodine,  and 
then  precipitate  the  bromine  with  a  mixture  of  10  %  silver 
nitrate  and  an  equal  volume  of  nitric  acid  ;  warm  on  the 


*  It  is  of  the  greatest  importance  to  use  chemically  pure  acetic  acid. 
If  the  latter  contains  any  caproic  acid  or  purpurol,  etc.,  the  bromine 
may  be  .5  per  cent  too  low,  owing  to  action  on  these  bodies. 
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water-bath  for  i  hour,  filter  while  hot,  and  determine  the 
bromine  as  given  for  chlorine, 

3,  Determination  of  Chlorine  : — Destroy  the  potas- 
sium permanganate  in  the  liquid  remaining  in  the  distill- 
ing flask,  by  warming  a  short  time  with  sodium  hydrox- 
ide and  a  little  alcohol.  Filter,  and  wash  witli  iuke-warm 
water.  If  hot  water  is  used,  the  finely  divided  precipitate 
may  run  through  the  filter.  The  latter  difficulty  may  be 
avoided  by  washing  with  a  J  %  solution  of  clilorine — free 
sodium  nitrate.  Precipitate  the  chlorine  as  usual,  in  the 
clear  filtrate, 

DOLOMITE. 

Constituents:  Calcium  and  Magnesium  Carbonates, 
generally  with  small  amounts  of  Ferrous  Carbonate, 
Alumina  and  Silica. 

First  Method : — Finely  jDulverize  the  substance,  and 
dry  at  100°  C.  Dissolve  from  1-1.5  grams  in  hydrochloric 
acid  in  a  covered  porcelain  dish,  w^arm  on  the  water-bath 
until  no  more  carbon  dioxide  is  evolved,  and  then  evapor- 
ate to  dryness.  Heat  the  dry  residue  for  some  time  at 
120°  C.  in  the  air-bath,  for  the  complete  dehydration  of 
the  silicic  acid.  After  cooling,  moisten  with  hydrochloric 
acid,  warm  for  a  few  minutes  on  the  sand-bath,  and  then 
dilute  w^itli  water.  Filter  off  the  silica,  wash  it  with  hot 
water,  ignite  in  a  platinum  crucible  and  weigh.  Add  hj- 
drogen  peroxide  or  nitric  acid  to  the  filtrate  to  oxidize  fer- 
rous iron,  warm,  add  ammonium  chloride  in  excess^,  stir, 
and  add  ammonium  hydroxide  to  w^eakly  alkaline  reac- 


*  The  addition  of  the  ammonium  chloride  prevents  the  precipitation 
of  magnesium  hydroxide. 
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tion.  Filter  off  tlie  precipitate  of  fen-ic-  and  aluminum 
hydroxides  as  rapidly  as  possible,  avoiding  exposure  to 
the  air,  wasli  witli  hot  water,  dissolve  off  the  filter  with 
warm  dilute  hydrochloric  acid  and  reprecipitate  with  am- 
monium hydroxide.*  Ordinarily,  the  precipitate  is  so 
small  that  the  iron  and  alumina  are  not  separated.  If  it 
is  desired  to  separate  them,  proceed  as  given  under  Red 
Hematite, 

Precipitate  the  calcium  in  the  filtrate  from  the  iron 
and  aluminum  hydroxides,  with  an  excess  of  ammonium 
oxalate.  The  calcium  may  be  weighed  either  as  carbon- 
ate or  oxide  ;  see  page  21.  As  the  calcium  oxalate  always 
contains  some  magnesium  oxalate,  in  exact  analysis  the 
precipitate  must  be  dissolved  in  hydrochloric  acid  and  the 
precipitation  repeated.  Decant  the  clear  supernatant  li- 
quid through  the  filter,  dissolve  the  calcium  oxalate  in 
the  breaker  with  warm  hydrochloric  acid,  dilute  Avith  wa- 
ter, first  add  a  little  ammonium  oxalate  and  then  ammo- 
niam  hydroxide  in  slight  excess.  Unite  the  two  filtrates, f 
concentrate  by  evaporation,  cool,  and  precipitate  the  mag- 
nesium with  sodium  phosphate.  The  further  treatment  of 
the  precipitate  is  given  on  page  27. 

Second  Method: — The  calcium,  magnesium,  etc., 
may  be  determined  according  to  a  method  previously 
recommended  by  the  author  J.  Separate  the  silica  as 
given  above,  and  evaporate  the  filtrate  to  dryness.  Oxi- 
dize the  iron  with  hydrogen  peroxide  or  bromine  water, 

*  The  double  precipitation  is  necessary,  as  the  first  precipitate  al- 
ways contains  a  small  amount  of  calcium  and  mag^nesium. 

t  Occasionally,  on  long  standing-,  crystallized  magnesium  oxalate 
separates  in  the  filtrate  from  the  calcium  oxalate;  if  this  is  the  case,  ac- 
idify with  hydrochloric  acid,  warm  the  solution,  add  ammonium  hydrox- 
ide and  precipitate  the  magnesium  as  g-iven  above. 

t  Zeit.  f.  anal.  Chem.  Vol.  18,  p.  373. 
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w/irm,  nnd  add  "2  or  3  times  as  much  neutral  potassium 
oxalate  (1-3  parts  water)  as  was  taken  of  the  substance 
for  analysis.  If  the  separated  calcium  oxalate  is  not  pure 
white,  add  more  hydi'ogen  peroxide  or  bromine  water,  and 
digest  for  a  short  time  on  the  water-bath.  Filter  off  the 
calcium  oxalate,  wash  with  hot  water  containing  a  little 


Fig.  IS. 

ammonium  oxalate,  and  concentrate  the  filtrate  by  evap- 
oration, to  about  25  cc.  Heat  to  boiling,  and  add  an 
equal  volume  of  concentrated  acetic  acid.  The  magnes- 
ium is  separated  as  oxalate,  and  is  washed  and  ignited  to 
magnesium  oxide,  as  given  on  page  28.  After  evaporat- 
ing off  the  alcohol  and  acetic  acid,  precipitate  the  iron 
and  alumina  in  the  filtrate  with  ammonium  hydroxide. 
For  complete  precipitation,  digest  on  the  water-bath  or 
sand-bath  until  the  supernatant  liquid  appears  perfectly 
clear. 
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The  carbon  dioxide  is  detei'rained  in  the  apparatus 
originally  devised  by  Kolbe  and  modified  by  Fresenius,  or 
the  more  simple  apparatus,  devised  by  the  author,*  de- 
pending upon  the  absorption  of  carbon  dioxide  by  soda 
limef  may  be  used. 

The  apparatus  devised  by  Fresenius ^  Fig.  18,  is  com- 
posed of  the  following  parts.  The  flask  K  for  the  decom- 
position of  the  substance,  of  200-300  cc.  capacity,  is  closed 
with  a  two-hole  rubber  stopper.  Through  one  hole^  passes 
the  safety  tube  a,  through  the  other  hole,  a  bulb  tube  b. 
The  safety  tube  is  joined  at  a  with  a  funnel  by  means  of  a 
piece  of  rubber  tubing,  so  that  the  addition  of  acid  may 
be  regulated  by  the  pinchcock  o.  The  soda-lime  tube  d, 
and  the  flask  e,  containing  the  potassium  hydroxide,  may 
then  be  connected  after  the  substance  is  in  solution.  The 
bulb  tube  b,  which  condenses  the  steam,  is  cut  off  at  an 
angle  at  its  lower  end. 

The  carbon  dioxide  is  first  passed  through  two  U— 
tubes,  each  about  17  cm.  long  and  16  mm.  wide,  to  sepa- 
rate the  carbon  dioxide  from  water  vapor  and  hydro- 
chloric acid. 

The  first  tube,  f,  is  filled  in  its  lower  portion  with 
calcium  chloride,  the  second  tube,  g,  is  completely  filled 
with  pieces  of  calcium  chloride.  To  absorb  the  hydro- 
chloric acid,  the  tube  h  is  filled  with  small  pieces  of  pumice 
which  have  been  boiled  in  a  concentrated  solution  of  cop- 
per sulphate,  and  then  dried  in  the  air  bath  at  250-300°C. 
A  calcium  chloride  tube,  i,  is  connected  with  h.  Two  U- 
tubes,  each  11  cm.  long  and  12  mm.  in  diameter,  5/6 

*  Zeit,  f.  anal.  Chem.,  Vol.  15,  p.  221. 

t  For  the  determination  of  carbon  dioxide  by  difference,  see  analy- 
sis of  Soda. 
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filled  with  coarse  soda-lime,  and  the  remainder  with 
small  pieces  of  calcium  chloride,  are  used  to  absorb  the 
carbon  dioxide.  To  prevent  backward  diffusion  of  carbon 
dioxide  or  water  vapor  into  the  train,  the  tube  m,  of  the 
same  dimensions  as  the  absorption  tube,  is  filled  with  cal- 
cium chloride  on  the  side  next  to  the  apparatus,  and  with 
soda  lime  on  the  other  side.  The  bend  of  the  tube  n,  is 
filled  with  water  so  that  the  rate  of  the  reaction  may  be 
observed. 

It  should  be  remembered  that  calcium  chloride  may 
absorb  carbon  dioxide  ;  therefore  it  should  be  saturated 
with  the  gas  before  being  used. 

After  the  two  absorption  tubes  k  and  1,  have  been 
weighed*,  2-3  grams  of  the  substance  have  been  put  in 
the  decomposing  flask,  first  test  to  see  that  the  apparatus 
is  tight.  Connect  all  the  parts,  close  the  pinch-cock  o.  and 
evacuate  by  suction  on  the  tube  p  ;  if  the  connections  are 
all  tight,  air  will  bubble  through  the  tube  n  for  only  a 
short  time. 

Now  open  the  pinch-cock  o,  pour  some  water  into  the 
flask,  again  close  the  pinch-cock  and  fill  the  funnel  with 
dilute  hydrochloric  acid.  Slowly  add  the  acid  to  the  flask 
by  gradually  opening  the  pinch-cock.  When  action  has 
ceased,  remove  the  funnel  c,  connect  the  tube  d  with  the 
funnel  tube  a,  and  aspirate  a  slow  current  of  air  through 
the  apparatus  ;  at  the  same  time  heat  the  flask  until  the 
liquid  boils.  The  current  of  air  sweeps  all  the  carbon  di- 
oxide into  the  absorption  tubes,  and  heating  the  liquid  ex- 
pels the  absorbed  carbon  dioxide.    When  the  apparatus 


*  To  prevent  these  absorbing-  moisture  while  being  weighed,  they 
should  be  capped  with  small  pieces  of  rubber  tubing  closed  at  one  end 
with  a  piece  of  glass  rod. 
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is  completely  cold  weigh  the  tubes  k  and  1 ;  the  gain  in 
weight  is  the  amount  of  carbon  dioxide  present. 

The  arrangement  of  the  apparatus  devised  by  the 
author  is  shown  in  Fig.  19. 


Fig.  19. 

A  tube  of  2  1/2-3  cm.  in  diameter,  with  a  tube  of  1 
1/2  cm.  diameter  fused  on  the  upper  end,  and  one  of  6-7 
mm.  fused  on  the  lower  end,  is  used  for  the  condensation 
of  steam  and  hydrochloric  acid.    The  tube  is  surrounded 
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by  a  wider  tube  about  23  cm.  in  length,  and  4  cm.  in 
width.  If  the  inner  tube  is  cooled  in  the  usual  manner, 
the  dilute  hydrochloric  acid  may  be  boiled  for  hours  with- 
out a  trace  of  acid  being  recognizable  in  the  upper  end 
of  the  condenser.  The  carbon  dioxide  is  dried  by  passing 
through  a  tube  filled  with  glass  beads  moistened  with  con- 
centrated sulphuric  acid.  The  bend  of  the  tube  is  filled 
with  acid  so  tliat  the  rate  of  evolution  of  the  gas  can  be 
observed.  Such  a  tube  can  be  used  for  a  whole  series  of 
experiments  without  renewing  the  acid.  The  carbon 
dioxide  is  absorbed  by  soda-lime.  To  protect  the  two 
tubes  filled  with  soda-lime,  a  small  tube  filled  with  small 
pieces  of  potassium  hydroxide  may  be  used,  although  the 
author  has  not  found  it  necessary. 

A  still  simpler  form  of  apparatus,  Fig.  20,  is  recom- 


Fig.  20. 

mended  by  Friedheim.  The  condenser  is  replaced  by  a 
tube  inclined  at  an  angle.  The  horizontal  part  of  the  tube 
is  filled  with  calcium  chloride  and  is  used  as  a  substitute 
for  the  U-tubes.    A  Geissler's  apparatus  is  used  to  absorb 
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the  carbon  dioxide  ;  the  only  advantage  it  has  over  the 
soda-lime  tube  is  that  the  course  of  the  reaction  may  be 
observed. 

All  parts  of  the  apparatus  are  connected  by  ground- 
glass  joints,  and  only  the  potash  apparatus  is  connected 
with  rubber  tubing.  The  cap  b  is  ground  onto  the  neck  of 
a  150  cc.  flask,  and  the  two  parts  are  held  together  by  a 
spiral  spring  d.  Through  the  cap,  and  fused  into  it, 
passes  the  funnel  tube  w^ith  a  glass  cock.  The  lower  end 
of  the  funnel  tube  is  bent  upwards.  The  tube  e  is  also 
ground  into  the  funnel.  The  bent  drying  tube  h  g,  is 
joined  to  the  side  of  the  cap  by  a  ground  glass  joint,  and 
is  likewise  held  in  place  by  springs.  The  drying  tube 
has  a  diameter  of  about  10  mm.  and  the  length  of  each 
arm  is  about  30  cm  ;  the  horizontal  part  is  drawn  out  so 
that  it  may  easily  be  connected  w^ith  the  absorption  appa- 
ratus. 

Pieces  of  calcium  chloride  of  about  the  size  of  peas 
should  be  used,  and  they  should  be  freed  from  fine  powder 
by  sifting.  To  fill  the  tube,  place  some  glass  wool  in  the 
lower  end  of  the  inclined  arm  h,  unite  the  upper  end  with 
the  air  pump  and  exhaust,  closing  the  open  end  with  the 
finger. 

By  quickly  removing  the  finger,  the  glass  wool  is 
sucked  over  to  the  narrow  end  of  the  tube,  The  tube  is 
filled  watli  calcium  chloride  to  within  about  6  cm.  of  the 
angle,  another  wad  of  glass  wool  is  then  sucked  in  as 
described,  to  hold  the  calcium  chloride  in  place,  and  tlie 
arm  h  is  then  carefully  cleaned  of  any  adhering  calcium 
chloride. 

The  absorption  apparatus  is  filled  with  potassium  hy- 
droxide of  Sp.  Gr.  1.23,  (1  part  potassium  hydroxide  :  2 
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parts  water)  so  that  each  bulb  is  about  two-thirds  full. 
The  horizontal  tube  is  filled  with  pieces  of  potassium  hy- 
droxide and  calcium  chloride.  During  the  operation,  the 
exit  end  of  the  absorption  apparatus  is  joined  to  the  tube 
filled  with  pieces  of  caustic  potash,  which  need  not  be 
weighed. 

When  the  apparatus  is  ready,  a  quantity  of  the  sub- 
stance, weighed  by  difference,  is  placed  in  the  flask,  w^ater 
is  added  up  to  the  lower  end  of  the  funnel  tube,  and  the 
train  then  tested  to  see  if  the  connections  are  tight. 

The  substance  is  decomposed  by  acid  as  given  on 
page  57.  The  boiling  must  be  conducted  so  that  the 
steam  is  condensed  about  one-half  the  way  up  the  inclined 
tube.  The  potash  apparatus  is  weighed  after  standing  in 
the  balance  case  from  one-half  to  three-quarters  of  an  hour. 

If  the  dolomite  that  has  been  dried  at  100°  C.  loses 
more  water  on  ignition,  the  latter  cannot  be  determined 
by  loss  on  gentle  ignition,  as  carbon  dioxide  may  be  ex- 
pelled, and  any  ferrous  iron  present  may  be  oxidized.  In 
this  case  water  may  be  determined  by  direct  weighing. 
Ignite  the  substance  in  a  closed  tube  of  difficultly-fusible 
glass,  about  38  cm.  long  and  1  cm.  in  diameter. 

Fill  the  tube  one-third  full  with  lead  carbonate  that 
has  previously  been  gently  ignited.  Add  the  dolomite  or 
calcite  mixed  with  some  lead  carbonate,  fill  the  remainder 
with  lead  carbonate,  and  close  loosely  with  ignited  asbes- 
tos. After  a  canal  has  been  formed  in  the  tube  by  tap- 
ping on  the  table,  it  is  closed  with  a  dry  rubber  or  cork 
stopper,  and  connected  w^ith  a  previously  weighed  calcium 
chloride  tube.  Place  the  tube  in  a  combustion  furnace 
and  heat  the  lead  carbonate  at  the  closed  end  first,  then 
gradually  heat  the  tube  its  entire  length. 
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If  water  condenses  in  the  tube  outside  of  the  furnace, 
it  may  be  driven  over  into  the  calcium  chloride  tube  by 
gently  heating  the  tube  with  a  small  flame.  After  decom- 
position, re  weigh  the  calcium  chloride  tube. 

BARITE. 

Constituents  :  Barium  Sulphate,  commonly  with  a 
small  amount  of  Strontium  Sulphate. 

Intimately  mix  about  1  gram  of  the  finely  pulverized 
mineral,  dried  at  100°  C,  with  about  4  or  5  times  its 
weight  of  sodium  carbonate*  and  fuse  in  a  platinum  cru- 
cible over  the  blast  lamp.  Continue  the  heating  until  the 
mass  is  in  quiet  fusion,  and  then  pour  the  contents  of  the 
crucible  into  a  platinum  dish.  If  the  latter  is  sufficiently 
large,  place  the  crucible  also  in  it,  add  water,  and  digest 
on  the  water-bath  until  no  hard  particles  can  be  felt  with 
a  glass  rod.  If  it  is  not  desired  to  pour  out  the  contentsf, 
allow  the  crucible  to  cool,  place  it  in  a  large  porcelain 
dish  and  digest  with  warm  water.  This  will  require  more 
time  than  if  a  platinum  dish  is  used.  The  solution  con- 
tains all  the  sulphuric  acid  as  sodium  sulphate,  besides 
undecomposed  sodium  carbonate  ;  the  residue  consists  of 
barium  and  strontium  carbonates.  After  rinsing  off  the 
crucible  with  water,  filter,  and  wash  the  precipitate  until 
a  drop  of  the  filtrate  gives  no  reaction  for  sulphuric  acid. 

*  This  is  prepared  by  gently  heating  sodium  bicarbonate,  which  can 
be  had  in  commerce  chemically  pure.  If  a  blast  lamp  is  not  at  hand, 
the  more  easily  fusible  mixture  of  5  parts  sodium  carbonate  and  7  parts 
potassium  carbonate,  may  be  used  for  the  decomposition. 

t  Stockmann,  Zeit.  f.  anal.  Chem.  Vol.  15,  p.  283,  recommends  al- 
lowing the  crucible  to  cool  and  then  reheating  until  the  mass  begins  to 
fuse  around  the  edges.  Allow  to  cool  again,  and  add  water  enough  to 
cover  the  contents  of  the  crucible.  On  warming  with  a  small  flame,  the 
fused  mass  may  easily  be  removed  from  the  crucible. 
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Gently  ignite  the  precipitate  in  a  crucible  and  weigh  as 
barium  and  strontium  carbonates.  For  the  separation  of 
barium  and  strontium,  see  Index. 

The  sulphuric  acid  may  be  determined  in  the  filtrate. 
Carefully  add  hydrochloric  acid  as  long  as  effervescence 
takes  place,  warm  until  until  no  more  carbon  dioxide 
is  evolved,  and  precipitate  with  barium  chloride.  See 
page  23.  If  the  barite  contains  silica,  it  will  pass  into  the 
filtrate  with  the  sodium  sulphate,  and  must  be  separated 
before  the  sulphuric  acid  can  be  determined.  In  this  case, 
add  h3^drochloric  acid  and  evaporate  to  dryness  in  a  plat- 
inum or  porcelain  dish.  Heat  for  some  time  in  an  air-bath 
at  120°  C,,  cool,  moisten  with  hydrochloric  acid  and  dis- 
solve in  water.  See  page  53.  The  filtrate  from  the  silica 
is  used  for  the  determination  of  the  sulphuric  acid.  The 
silica  is  determined  as  given  above,  under  Dolomite. 

If  the  barite  contains  calcium  sulphate,  see  Index  for 
the  separation  of  the  three  sulphates. 

ALLOY   OF   COPPER  AND  ZINC    (IRON,  NICKEL 

AND  LEAD). 

BRASS. 

Dissolve  about  .2-. 3  gram  of  the  alloy  in  dilute  nitric 
acid,  in  a  small,  covered  porcelain  dish,  warm  on  the  wa- 
ter-bath, and  finally  evaporate  to  dryness.  If  lead  is 
present,  add  a  little  dilute  sulphuric  acid,  and  heat  until 
all  nitric  acid  is  expelled.  Add  cold  water,  and  stir  with 
a  glas  rod  until  the  lead  sulphate  appears  pure  white,  and 
then  add  one-third  the  volume  of  alcohol.  Filter,  and 
wash  with  dilute  alcohol  until  the  sulphuric  acid  is  all  re- 
moved, dry,  and  ignite  in  a  porcelain  crucible.    The  in- 
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cineration  of  the  filter  reduces  any  adhering  lead  sulphate 
to  metallic  lead  ;  therefore  proceed  as  given  under  silver 
chloride,  page  26,  by  burning  the  filter  on  the  inverted 
crucible  cover.  Dissolve  the  metallic  lead  in  a  few  droi3s 
of  nitric  acid,  add  a  drop  or  two  of  pure  sulphuric  acid, 
carefully  evaporate  to  dryness,  and  then  ignite  until  no 
more  fumes  of  sulphuric  acid  are  evolved.  The  residue  is 
lead  sulphate. 

Completely  remove  the  alcohol  in  the  filtrate  by  evap- 
oration on  the  water-bath,  and  separate  the  copper  from 
the  zinc  by  hydrogen  sulphide.  To  avoid  the  separation 
of  zinc  sulphide  with  the  copper  sulphide,  add  20  cc.  of 
dilute  hydrochloric  acid,  heat  to  boiling  and  pass  hydro- 
gen sulphide  until  the  liquid  is  cold.  Filter  off  the  cop- 
per sulphide,  wash  first  with  hydrochloric  acid,  Sp.  Gr. 
1.05,  saturated  with  hydrogen  sulphide,  and  then  with 
hydrogen  sulphide  water,  to  completely  remove  the  hydro- 
chloric acid.* 

Ignite  the  copper  sulphide  in  a  Rose  crucible  in  a  cur- 
rent of  hydrogen,  and  weigh  as  cuprous  sulphide,  CuoS. 
See  page  31. 

The  zinc  may  be  precipitated  in  the  filtrate  from  the 
copper  sulphide,  either  as  zinc  sulphide  or  zinc  oxalate. 
For  the  first  method,  remove  the  excess  of  hydrochloric 
acid  by  evaporation,  dilute  with  water,  add  an  excess  of 
sodium  acetate  and  a  few  drops  of  acetic  acid,  and  i^re- 
cipitate  the  zinc  as  zinc  sulphide,  by  passing  hydrogen 
sulphide.    See  page  30. 

If  the  zinc  is  to  be  separated  as  the  oxalate  and  deter- 


*  According  to  Bergiund,  a  mixture  of  20  volumes  of  hydrogen 
sulphide  water  and  1  volume  of  hydrochloric  acid,  (Sp.  Gr.  1.10),  may  be 
used  as  a  washing  solution. 
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mined  as  the  oxide,  the  hydrochloric  acid  as  well  as  the 
sulphuric  acid,  must  be  removed.  Evaporate  to  dryness 
on  the  water-bath,  then  heat  on  the  sand-bath  until  no 
more  fumes  of  sulphuric  acid  are  evolved.  Dissolve  the 
cooled  residue  in  water,  and  proceed  as  given  on  page  30. 

The  latter  method  is  more  rapid  than  the  former,  as 
the  filtration  of  zinc  sulphide  is  very  tedious  and  requires 
much  attention. 

If  the  brass  contains  iron,  it  must  be  removed  before 
precipitating  the  zinc,  if  the  firs,t  method  is  followed.  In 
that  case,  concentrate  the  filtrate  from  the  copper  sulphide 
to  remove  the  hydrochloric  acid  and  hydrogen  sulphide, 
oxidize  with  brpmine  water,  and  precipitate  the  iron  with 
ammonium  hydroxide.  Filter,  wash  the  precipitate,  dis- 
solve it  in  hydrochloric  acid  and  reprecipitate  with  ammo- 
nium hydroxide  to  remove  the  zinc. 

If  the  brass  contains  nickel,  its  separation  froii]  zinc 
by  the  method  given  under  German  Silver  is  not  suitable, 
since  according  to  the  experiments  of  Beilstein*,  this 
method  does  not  give  accurate  results,  if  a  small  amount 
of  nickel  is  to  be  separated  from  a  large  amount  of  zinc. 
To  separate  the  two  metals,  proceed  as  follows  :  Add  am- 
monium hydroxide  to  the  sulphuric  or  nitric  acid  solution 
of  the  metals  until  alkaline,  and  then  acidify  with  pure 
citric  acid.  Dilute  with  cold  water  so  that  there  is  about 
1  gram  of  the  substance  in  1  liter,  and  then  pass  hydro- 
gen sulphide  for  about  5-10  minutes.  Hydrogen  sulphide 
should  not  be  passed  for  a  longer  time,  as  some  of  the 
nickel  may  be  precipitated  with  the  zinc.  If  sufficient  hy- 
drogen sulphide  has  been  passed,  the  solution  should 


*  Ber.  deutsch,  chem.  Gesell,  Vol.  11,  p.  1715. 
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smell  appreciably  of  the  gas,  after  standing  for  half  an 
hour.  After  the  solution  has  stood  cold  for  24  hours,  fil- 
ter off  the  zinc  sulphide,  wash  with  hydrogen  sulphide 
water  to  which  has  been  added  a  little  ammonium  nitrate. 
Weigh  as  zinc  suljDhide.    See  page  31. 

Concentrate  the  filtrate  by  evaporation  and  separate 
the  nickel  as  nickelous  hydroxide.    See  page  32. 

ALLOY  OF  COPPER  AND  SILVER. 

SILVER  COINS. 

Dissolve  about  0.5  gram  of  the  silver  coin  in  dilute 
nitric  acid,  in  a  covered  porcelain  dish.  ^  Warm  on  the 
water-bath  until  in  complete  solution,  and  finally  evap- 
orate to  dryness.  Dissolve  the  residue  in  hot  water, 
transfer  to  a  beaker,  and  precipitate  the  silver  by  adding 
dilute  hydrochloric  acid  drop  by  drop.  On  warming  and 
agitating  the  solution,  the  silver  chloride  collects  together 
and  can  then  be  filtered.  The  further  treatment  of  the 
precipitate  is  given  under  Barium  Chloride,  page  26. 

Precipitate  the  copper  in  the  filtrate  as  cuprous  sul- 
phide, by  passing  hydrogen  sulphide.  Heat  the  solution 
to  boiling,  and  pass  the  gas  until  the  solution  is  cold  ;  fil- 
ter off  the  precipitate  as  quickly  as  possible,  avoiding  ex- 
posure to  the  air  by  covering  the  beaker  and  funnel  with 
watch  glasses.  Wash  with  hydrogen  sulphide  water,  dry, 
add  a  little  sulphur,  and  ignite  strongly  in  a  current  of 
hydrogen.  See  page  31.  Weigh  as  cuprous  sulphide, 
Cu2S.  As  the  cuprous  sulphide  oxidizes  very  easily,  the 
filtration  and  washing  of  the  j)recipitate  should  not  be  in- 
terrupted. If  any  oxidation  does  take  place,  shown  by 
the  cloudiness  of  the  filtrate,  wash  the  precipitate  on  the 
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filter  with  hydrogen  sulphide  water,  again  pass  hydrogen 
sulphide  through  the  filtrate,  and  filter  off  the  small 
amount  of  cuprous  sulpliide  on  a  special  filter. 

ALLOY  OF  COPPER,  TIN  AND  ZINC  (IRON). 

BRONZE  COINS. 

If  an  alloy  containing  tin  as  one  of  its  principal  in- 
gredients, is  dissolved  in  concentrated  nitric  acid,  pure 
stannic  oxide  is  not  obtained,  but  it  is  contaminated  with 
copper  oxide,  etc.  If,  however,  nitric  acid  of  a  definite 
concentration  is  used  to  dissolve  the  alloy,  pure  stannic 
oxide  remains  insoluble*  Dissolve  from  0.5-1  gram  of 
the  alloy  in  6  cc.  of  nitric  acid,  (1.5  Sp.  Gr.)  in  a  covered 
porcelain  dish,  and  gradually  add  3  cc.  of  water.  When 
in  solution,  dilute  with  50  cc.  of  hot  water,  filter  after  the 
stannic  oxide  has  settled,  wash  the  precipitate  with  hot 
water,  and  determine  its  weight.  For  this  purpose,  dry 
the  precipitate,  remove  as  much  as  possible  from  the  fil- 
ter, and  transfer  to  a  porcelain  crucible.  Incinerate  the 
filter  on  an  inverted  crucible  cover.  Moisten  the  ash  with 
a  few  drops  of  nitric  acid  to  oxidize  the  reduced  tin,  and 
carefully  warm.  Transfer  to  the  crucible,  cover,  and  ig- 
nite strongly  over  the  blast  lamp. 

Add  about  2  grams  of  concentrated  sulphuric  acid  to 
the  filtrate  from  the  stannic  oxide,  and  evaporate  on  the 
water-bath  to  remove  the  nitric  acid.  Dissolve  the  res- 
idue in  water,  and  determine  the  copper  as  sulphocyanate, 
as  given  on  page  23. 

To  determine  the  iron  and  zinc  in  the  filtrate  from 


*  Busse,  Zeit.  f.  anal.  Chem.,  Vol.  17,  p.  53. 
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the  copper,  destroy  the  excess  of  potassium  sulphocyanate 
by  evaporation  with  nitric  acid,  and  separate  the  iron  from 
the  zinc  by  two  precipitations  witli  ammonium  hydroxide. 
Determine  the  iron  as  given  on  page  24,  and  precipitate 
the  zinc  as  zinc  sulphide  from  acetic  acid  solution,  as 
given  on  page  31. 

ALLOY  OF  TIN  AND  LEAD. 

SOFT  SOLDER. 

Separate  the  tin  and  lead  exactly  as  given  above.  To 
determine  the  lead,  add  dilute  sulphuric  acid  to  the  fil- 
trate from  the  tin,  and  evaporate  on  the  water-baih  until 
all  the  water  is  removed.  Cool,  add  alcohol,  and  treat 
the  lead  sulphate  as  given  in  the  method  on  page  63. 

ALLOY  OF  NICKEL  AND  COPPER. 

NICKEL  COINS. 

Dissolve  the  alloy  in  nitric  acid,  and  evaporate  to  dry- 
ness on  the  water-bath,  Dissolve  the  residue  in  water, 
acidify  with  hydrochloric  acid,  and  precipitate  the  copper 
as  cuprous  sulphide,  by  passing  hydrogen  sulphide 
through  the  hot  solution.  Filter,  wash,  ignite,  and  weigh 
the  precipitate,  with  the  precautions  given  under  Brass, 
page  64.  Expel  the  hydrogen  sulphide  from  the  filtrate 
by  heating,  and  precipitate  the  nickel  as  nickelous  hy- 
droxide. This  method  requires  the  absence  of  hydro- 
chloric acid. 

According  to  Busse*,  copper  cannot  be  completely 
separated  from  nickel  by  a  single  precipitation  with  hy- 


*  Zeit.  f.  anaL  Chem.,  Vol.  17,  p.  60. 
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drogeii  sulphide.  Since  it  is  necessary  to  dissolve  the  cop- 
per sulphide  and  repeat  the  precipitation,  it  is  preferable 
to  separate  the  copper  as  sulphocyanate.  Dissolve  from 
0.5-0.8  gram  of  the  alloy  in  nitric  acid,  1.18  Sp.  Gr.,  add 
1  cc.  of  concentrated  sulphuric  acid,  and  evaporate  on  the 
water-bath.  Dissolve  the  residue  in  a  little  water,  and 
add  60  cc.  sulphurous  acid  and  2  grams  potassium  sulpho- 
cyanate. After  standing  for  12  hours,  filter,  and  treat  the 
precipitate  as  given  on  page  23.  Add  10  cc.  of  nitric  acid 
to  the  filtrate  and  evaporate  to  dryness.  Dissolve  the 
residue  in  a  little  water  and  precipitate  the  nickel  as  given 
on  page  32. 

If  the  nickel  is  precipitated  as  nickelous  hydroxide, 
any  zinc  which  may  be  present  in  the  alloy  will  pass  into 
the  filtrate.  To  determine  the  zinc,  acidify  the  solution 
with  acetic  acid,  and  precipitate  it  as  sulphide.  See  page 
30. 

Besides  the  metals  mentioned  above,  nickel  coins  of- 
ten contain  an  appreciable  amount  of  iron  and  cobalt.  In 
the  precipitation  of  the  nickel  as  nickelous  h3^droxide,  iron 
and  cobalt  are  also  precipitated.  In  this  case,  it  is  con- 
venient to  reduce  the  precipitate  to  the  metallic  state  in  a 
current  of  hydrogen,  and  then  determine  the  weight  of  the 
nickel  +* cobalt  -f  iron.  Dissolve  the  metals  in  nitric  acid, 
nearly  neutralize  with  ammonium  hydroxide  and  then  add 
an  excess  of  ammonium  carbonate.  After  the  solution  has 
stood  warm  for  some  time,  filter  off  the  precipitate  of  ferric 
hydroxide,  dissolve  it  off  the  filter  with  hydrochloric 
acid,  and  reprecipitate  with  ammonium  carbonate.  Re- 
duce to  metallic  iron  by  ignition  in  a  current  of  hydrogen. 
To  determine  the  cobalt,  evaporate  the  filtrate  from  the 
ferric  hydroxide  to  dryness,  remove  the  ammonium  salts 
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by  gentle  ignition,  and  dissolve  the  residue  in  hydro- 
chloric acid  with  a  few  drops  of  nitric  acid.  Remove 
tlie  acid  by  evaporation,  and  precipitate  the  cobalt  as  po- 
tassium-cobalt nitrite,  as  given  on  page  33. 

Subtract  the  weight  of  the  metallic  iron  -f  cobalt, 
from  the  weight  of  the  three  metals,  to  obtain  the  weight 
of  the  nickel. 

ALLOY  OF  LEAD  AND  ZINC. 

Dissolve  the  alloy  in  nitric  acid,  add  a  little  dilute 
sulphuric  acid,  and  concentrate  on  the  water-bath  until 
all  nitric  acid  is  expelled  ;  dissolve  the  residue  in  water, 
and  add  a  third  of  its  volume  of  alcohol.  Filter  off  the 
lead  sulphate,  wash  with  dilute  alcohol,  dry,  ignite  and 
weigh.    See  page  63. 

Expel  the  aJcohol  from  the  filtrate,  and  determine  the 
zinc  either  as  sulphide  or  as  oxide. 

The  two  metals  may  also  be  separated  by  hydrogen 
sulphide.  In  this  case,  evaporate  the  nitric  acid  solution 
to  dryness,  dissolve  the  residue  in  considerable  water,  add 
a  few  drops  of  hydrochloric  acid,  and  precipitate  the  lead 
with  hydrogen  sulphide.    See  page  44. 

Precipitate  the  zinc  as  sulphide,  carbonate,  or  oxalate, 
in  the  filtrate  from  the  lead.    See  page  30. 

ALLOY  OF  BISMUTH  AND  COPPER. 

Dissolve  the  alloy  in  nitric  acid,  and  evaporate  to  dry- 
ness on  the  water-bath.  Add  a  few  drops  of  hydrochloric 
acid  to  the  residue,  and  dilute  with  considerable  water. 
When  the  bismuth  oxychloride  has  settled,  and  the  liquid 
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remains  clear  on  adding  more  water,  filter  off  tlie  precip- 
itate on  a  dried  and  weighed  filter,  wash  with  water  con- 
taining a  few  drops  of  hydrochloric  acid,  and  dry  the  pre- 
cipitate of  bismuth  oxychloride,  BiOCl,  at  100°  C,  to  con- 
stant weight. 

Determine  the  copper  in  the  filtrate  from  the  bismuth, 
as  oxide  or  sulphide.  Copper  may  also  be  separated  in 
the  metallic  state. 

For  the  latter  method,  concentrate  the  filtrate  in  a 
weighed  platinum  dish*,  and  place  a  small  piece  of  zinc 
or  cadmium  in  the  liquid.  If  necessary,  add  sufficient 
hydrochloric  acid  to  produce  a  slow  generation  of  hydro- 
gen, and  cover  the  dish  with  a  watch  glass.  Allow  the 
reduction t  to  continue  until  ammonium  hydroxide  shows 
the  absence  of  copper  on  testing  a  portion  of  the  clear  li- 
quid. Decant  through  a  small  filter  and  wash  the  copper 
with  hot  water  by  decantation  until  the  hydrochloric  acid 
is  all  removed.  Finally  remove  the  water  by  rinsing  the 
dish  with  alcohol.  Dry  the  copper  at  100°  C.  to  constant 
weight. 


ALLOY  OF  LEAD  AND  BISMUTH. 

Dissolve  the  alloy  in  nitric  acid,  evaporate  on  the  wa- 
ter-bath to  the  consistency  of  syrup,  add  a  little  water,  stir 
with  a  glass  rod  and  again  evaporate.  Repeat  this  treat- 
ment three  or  four  times  and  finally  evaporate  to  dryness. 

*  A  porcelain  dish  may  be  used,  but  the  reduction  is  much  slower. 

t  Cadmium  is  preferable  to  zinc,  as  the  latter  ordinarily  leaves  a 
residue  of  lead  on  solution  in  acids.  As  cadmium  is  attacked  less  than 
zinc  by  dilute  acids,  the  same  piece  may  be  used  for  several  reductions. 
Classen,  Jour.  f.  prakt.  (Jhem.,  Vol.  96,  p.  257. 
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There  slioalcl  be  no  odor  of  nitric  acid  in  the  residue.  To 
the  cooled  mass  add  a  cold  solution  of  one  part  ammonium 
niti'ate  to  500  of  water  and  allow  to  stand  for  a  short  time. 
Filter  off  the  basic  bismuth  nitrate,  wash  with  ammonium 
nitrate  solution  of  the  above  concentration,  dry  and  ignite 
in  a  porcelain  crucible.  The  filter  should  be  incinerated 
on  the  inverted  crucible  cover.    Weigh  as  Bi203. 

As  a  check,  the  bismuth  oxide  may  be  reduced  to  me- 
tallic bismuth  by  gentle  ignition  in  a  current  of  hydrogen. 
Precipitate  the  lead  as  sulphide,  in  the  filtrate  from  the 
bismuth,  either  by  hydrogen  sulphide  or  ammonium  sul- 
phide, and  determine  it  as  such,  according  to  the  method 
given  on  page  44. 

Another  method  of  separating  the  two  metals,  de- 
pends upon  the  insolubility  of  lead  sulphate,  but  it  is  less 
simple  than  the  above  method.  Evaporate  the  solution 
of  the  alloy,  to  expel  the  nitric  acid,  and  then  add  hy- 
drochloric acid  until  the  bismuth  is  all  dissolved.*  The 
amount  of  acid  to  be  added  may  be  found  by  placing  a  lit- 
tle of  the  solution  on  a  watch  glass,  and  adding  a  few 
drops  of  water  ;  if  the  solution  becomes  milky,  more  acid 
must  be  added.  Rinse  the  solution  on  the  watch  glass 
back  into  the  dish  with  alcohol.  Add  dilute  sulphuric 
acid  to  precipitate  the  lead,  and  if  some  lead  chloride  has 
separated,  allow  the  solution  to  stand  for  some  time. 
When  all  the  lead  is  in  the  form  of  sulphate,  add  alcohol 
(Sp.  Gr.  .80).  Filter  off  the  lead  sulphate,  wash  first  w^ith 
alcohol  containing  a  little  hydrochloric  acid,  and  finally 
with  pure  alcohol.  Treat  the  precipitate  as  given  on  page 
63. 


*  If  the  alloy  contains  considerable  lead,  some  lead  chloride  may 
crystallize  out  at  this  point. 
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Separate  the  bismuth  as  bismuth  oxy chloride,  BiOCl, 
in  the  filtrate  from  the  lead  sulphate,  by  the  addition  of 
an  excess  of  water.  When  all  the  bismuth  is  precipitated, 
which  may  be  ascertained  by  adding  more  water,  filter, 
and  reduce  to  metallic  bismuth  by  fusion  with  potassium 
cyanide*.  For  this  purpose,  ignite  the  precipitate  in  a 
porcelain  crucible,  cool,  and  add  5  times  the  amount  of 
potassium  cyanide,  and  fuse  over  the  blast  lamp.  By  con- 
tinued heating,  the  small  molten  globules  of  bismuth  can 
be  united  into  one  large  globule.  After  cooling,  extract 
the  fuse  with  water,  and  filter  on  a  dried  and  weighed 
filter.  Wash  first  with  dilute  and  then  with  strong  alco- 
hol. After  drying  the  bismuth  at  100°  C,  cool  and 
weigh . 

When  the  bismuth  is  fused  with  potassium  cyanide  in 
a  porcelain  crucible,  the  latter  is  often  more  or  less  at- 
tacked, and  the  reduced  bismuth  is  contaminated  with  the 
material  of  the  crucible.  This  error  can  be  avoided  by 
dissolving  the  bismuth  in  dilute  nitric  acid,  and  weighing 
the  residul  matter  from  the  crucible. 


ALLOY  OF  COPPER,  ZINC  AND  NICKEL. 

GERMAN  SILVER. 

The  copper  may  be  separated  from  the  other  metals 
by  precipitation  as  sulpliocyanate,  according  to  the  method 
given  under  Nickel  Coins,  page  68. 

Add  about  10  cc.  of  nitric  acid  to  the  filtrate  from  the 

*■  In  this  case,  the  bismuth  oxychloride  cannot  be  weighed  directly, 
as  in  the  presence  of  sulphuric  or  phosphoric  acids,  the  bismuth  forms 
compounds  with  these  acids. 
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copper  sulphocyanate,  evaporate  to  dryness  on  the  water- 
bath,  add  a  little  hydrochloric  acid,  and  dissolve  in  water. 
Dilute  the  solution  so  that  there  is  about  1  gram  of  zinc 
in  500  cc.  of  solution.  Neutralize  with  sodium  carbonate 
so  that  there  is  only  a  slight  amount  of  free  acid  present. 
This  is  best  done  by  adding  sodium  carbonate  until  a  pre- 
cipitate is  formed,  and  then  dissolving  the  latter  with  a 
little  dilute  hydrochloric  acid.  Pass  hydrogen  sulphide 
into  the  cold  solution  as  long  as  zinc  sulphide  is  precip- 
itated. Then  add  a  few  drops  of  a  dilute  solution  of  so- 
dium acetate,  to  neutralize  the  free  hydrochloric  acid. 
Continue  the  introduction  of  hydrogen  sulphide  until  the 
liquid  smells  strongly  of  the  gas.  After  standing  12 
hours,  filter  and  wash  the  zinc  sulphide  with  water  to 
which  a  little  ammonium  nitrate  has  been  added,  and  de- 
termine the  zinc  as  given  on  page  31.  After  expelling  the 
hydrogen  sulphide  from  the  filtrate,  the  nickel  may  be  pre- 
cipitated and  determined  as  given  on  page  34.  If  the 
above  conditions  are  strictly  observed,  the  zinc  sulphide 
will  be  free  from  nickel  sulphide.  Without  considerable 
skill  and  experience  it  is  difficult  to  effect  an  exact  separ- 
ation of  the  two  metals  with  one  precipitation.  The  zinc 
sulphide  should  therefore  be  dissolved,  and  the  precipita- 
tion repeated,  to  remove  the  nickel  sulphide. 

According  to  Hampe,  it  is  preferable  to  precipitate 
the  sulphides  from  formic  acid  solution.  Add  from  15-20 
cc.  of  formic  acid  to  every  250-500  cc.  of  the  solution. 
Render  the  solution  alkaline  with  ammonium  hydroxide, 
add  the  formic  acid,  and  pass  hydrogen  sulphide  through 
the  hot  solution.  Filter,  and  wash  the  precipitate  with 
hydrogen  sulphide  water  to  which  has  been  added  a  little 
ammonium  formate  and  formic  acid. 
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V.  Berg  obtained  better  results  with  Hampe's 
method,  by  the  addition  of  only  3  cc.  of  formic  acid  to 
about  350  cc.  of  the  solution.  The  precipitate  should  be 
filtered  at  once  after  passing  the  hydrogen  sulphide,  as 
nickel  may  be  precipitated  if  the  solution  is  allowed  to 
stand  too  long. 

The  two  metals  may  also  be  separated  in  the  follow- 
ing manner  : — After  freeing  the  solution  from  potassium 
sulphocyanate  by  evaporation  with  nitric  acid,  precipitate 
the  nickel  as  nickelous  hydroxide  according  to  the  method 
given  on  page  32.  Filter,  and  wash  Uie  precipitate  with 
hot  water.  As  the  precipitate  may  still  contain  a  small 
amount  of  zinc,  it  should  be  dissolved,  and  the  precipita- 
tion repeated. 

Unite  the  filtrates,  acidify  with  acetic  acid,  and  pre- 
cipitate the  zinc  by  passing  hydrogen  sulphide  through 
the  boiling  solution.  If  cobalt  or  iron  are  present,  the 
nickel  must  be  separated  from  these  metals.  Use  the 
method  given  on  page  68  under  Nickel  Coins. 

Another  method  for  separating  zinc  and  nickel,  de- 
pends upon  their  behavior  towards  potassium  sulphide  in 
potassium  cyanide  solution.*  Destroy  the  sulphocyanic 
acid  by  evaporation  with  nitric  acid,  add  potassium  hy- 
droxide in  excess  to  the  concentrated  solution  of  the  two 
metals,  and  then  add  potassium  cyanide  until  the  precip- 
itate redissolves.  The  zinc  is  now  precipitated  as  sulphide, 
by  adding  potassium  sulphide.  Filter  out  the  zinc  sul- 
phide, and  boil  the  solution  with  aqua  regia  until  the  li- 
quid no  longer  smells  of  hydrocyanic  acid.  This  decom- 
poses the  potassium-nickel  cyanide  and  the  Qxcess  of  po- 
tassium cyanide.  Evaporate  the  free  acid,  and  precipitate 
*  The  salt  must  be  pure,  and  a  fresh  solution  should  be  used. 
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the  nickel  as  nickelous  hydroxide. 

As  the  zinc  sulphide  may  contain  some  potassium 
sulphide,  it  cannot  be  weighed  directly.  Dissolve  the  pre- 
cipitate in  hydrochloric  acid,  boil  off  the  hydrogen  sul- 
phide, and  precipitate  the  zinc  either  as  carbonate  or  ox- 
alate.   See  page  29. 

ALLOY  OF  TIN,  COPPER,  LEAD,  AND  ZINC. 

The  method  of  analysis  follows  from  what  has  been 
given  above.  First  separate  the  tin  as  oxide,  according  to 
the  method  given  under  Bronze  Coins,  page  67,  then  pre- 
cipitate the  lead  in  the  filtrate  by  evaporation  with  dilute 
sulphuric  acid.  After  expelling  the  alcohol,  jorecipitate 
the  copper  as  sulphocyanate,  page  23.  Decompose  the 
sulphocyanic  acid  in  the  filtrate  by  evaporation  with  nitric 
acid,  and  determine  the  zinc  according  to  one  of  the 
methods  given  on  page  29. 

ALLOY  OF  TIN,  LEAD,  BISMUTH,  AND  CADMIUM. 

wood's  METAL. 

Separate  the  tin  as  oxide,  add  sulphuric  acid  to  the 
filtrate  to  precipitate  the  lead  as  sulphate,  then  precip- 
itate the  bismuth  as  oxychloride  in  the  filtrate  from  the 
lead  sulphate. 

Concentrate  the  filtrate  from  the  bismuth  oxychloride, 
and  precipitate  the  cadmium  as  sulphide  by  passing  hy- 
drogen sulphide  through  the  solution.  Collect  the  precip- 
itate on  a  filter  that  has  been  dried  at  100°  C.  and  weighed, 
wash  first  with  hydrogen  sulphide  water  containing  a  lit- 
tle hydrochloric  acid,  and  then  with  pure  water.    Dry  the 
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precipitate,  CdS,  at  100°  C.  to  constant  weight,  and  calcu- 
late the  metallic  cadmium. 

A  Gooch  crucible  is  convenient  for  filtering,  drying, 
and  weighing  the  cadmium  sulphide.  The  precipitate 
must  be  extracted  with  carbon  bisulphide  to  remove  any 
admixed  sulphur  derived  from  the  oxidation  of  hydrogen 
sulphide.  A  very  simple  extraction  apparatus  which  may 
be  used  for  a  similar  purpose  for  other  sulphide  precip- 
itates, is  prepared  by  Friedheim  in  the  following  manner. 
After  the  precipitate  has  been  washed  with  alcohol  to  re- 
move any  water,  place  the  crucible  in  a  second  Gooch 
crucible,  and  this  on  the  bottom  of  a  beaker  about  15  cm. 
high  and  12  cm.  wide.  Pour  into  the  bottom  of  the  beaker 
a  little  pure  carbon  bisulphide*  and  cover  the  beaker  with 
a  watch-glass  filled  with  cold  water.  Set  the  beaker  on 
the  water-bath  where  it  will  have  a  temperature  of  about 
50°  C.  Tlie  carbon  bisulphide  boils,  condenses  on  the  un- 
der side  of  the  watch-glass,  drops  onto  the  precipitate  and 
thus  very  quickly  extracts  the  admixed  sulphur.  Dry  the 
crucible  at  70°  C,  cool  and  weigh.  By  evaporating  the 
carbon  bisulphide,  the  sulphur  may  be  obtained. 

Instead  of  determining  the  cadmium  as  sulphide,  it 
may  be  separated  as  carbonate,  and  ignited  to  oxide,  CdO. 
Proceed  exactly  as  given  in  the  determination  of  zinc, 
page  29.  Befcre  igniting  the  precipitate,  it  should  be  re- 
moved from  the  filter  as  much  as  possible.  Moisten  the 
filter  with  a  solution  of  ammonium  nitrate,  dry,  and  in- 
cinerate it  on  the  inverted  crucible  cover.  Reduction  of 
cadmium  carbonate  is  thus  avoided. 


*  It  should  leave  no  residue  on  evaporation. 
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ALLOY  OF  TIN,  LEAD,  BISMUTH,  AND  MERCURY. 

The  analysis  is  executed  as  in  the  method  given 
under  Wood's  MetaL  Precipitate  the  mercury  in  the  fil- 
trate from  the  bismuth  oxychloride,  by  passing  hydrogen 
sulphide.  Filter  the  mercuric  sulphide  as  quickly  as  pos- 
sible on  a  filter  that  has  previously  been  dried  at  100°  C. 
and  weighed.  Wash  the  precipitate  with  water,  dry  at 
the  same  temperature,  and  weigh  as  mercuric  sulphide, 
HgS. 

In  the  separation  of  bismuth  from  mercury,  by  the 
above  method,  it  is  necessary  that  the  mercury  be  present 
as  mercuric  salt.  To  be  certain  that  all  mercurous  nitrate 
is  oxidized  to  mercuric  nitrate,  continue  the  digestion  with 
nitric  acid  for  some  time. 

ALLOY  OF  ANTIMONY  AND  LEAD. 

TYPE  METAL. 

Dissolve  from  0.20-0.50  gram  of  the  very  finely  di- 
vided alloy  in  10-15  cc.  of  nitric  acid,  add  2-3  grams  tar- 
taric acid,  and  evaporate  off  the  greater  part  of  the  nitric 
acid.  Dissolve  in  water,  and  drop  slowly  into  a  solution 
which  contains  20-25  grams  of  sodium  mono-sulphide  and 
10  grams  of  sodium  hydroxide,  in  300  cc.  of  water.  Warm 
the  solution,  and  after  the  lead  sulphide  has  settled,  filter, 
and  wash  first  with  sodium  sulphide  solution,  and  then 
with  hydrogen  sulphide  water. 

Transfer  the  precipitate  from  the  filter  to  a  weighed 
porcelain  crucible  with  the  wash-bottle,  and  evaporate  to 
dryness.  Incinerate  the  filter  in  another  crucible,  moisten 
the  ash  with  a  little  nitric  acid,  transfer  to  the  other 
crucible  and  evaporate  again  almost  to  dryness.  Cover 
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the  crucible  with  a  watch-glass  and  carefully  add  concen- 
trated nitric  acid,  drop  by  drop.  When  the  violent  action 
has  ceased,,  evaporate  to  dryness  and  repeat  the  oxidation 
until  the  contents  are  pure  white.  Now  add  a  few  drops 
of  concentrated  sulphuric  acid,  again  evaporate  to  dryness, 
ignite  gently,  and  weigh  as  lead  sulphate. 

Add  dilute  sulphuric  acid  to  the  filtrate  until  it  has  a 
weakly  acid  reaction,  cover  the  beaker  and  warm  on  the 
water-bath  until  all  hydrogen  sulphide  is  expelled.*  Fil- 
ter the  precipitate,  which  is  a  mixture  of  antimony  sul- 
phide and  sulphur,  in  an  asbestos  tube,  and  wash  with 
hydrogen  sulphide  water  until  the  filtrate  leaves  no  residue 
when  evaporated  on  platinum  foil.f  Dry  the  precipitate 
of  antimony  sulphide  and  sulphur  at  100°  C.  to  constant 
weight.  Now  clamp  the  tube  in  the  manner  described  on 
page  47,  pass  through  it  a  current  of  dry  carbon  dioxide, 
rotate  the  tube,  and  carefully  heat  until  no  more  sulphur 
is  evolved,  and  the  weight  of  the  residual  antimony  sul- 
phide, Sb2S3,  remains  constant.  A  temperature  of  260°- 
270°  C,  is  sufficient  to  expel  the  sulphur  ;  the  temperature 
may  rise  to  300°  C,  however,  without  decomposing  the 
antimony  sul]3hide.  Carbon  dioxide  must  be  passed  until 
the  tube  is  perfectly  cold,  to  avoid  the  oxidation  of  the  an- 
timony sulphide.  The  amount  of  the  antimony  sulphide 
may  also  be  determined  in  the  mixture  by  decomposing 
with  an  acid,  and  oxidizing  the  hydrogen  sulphide  with  hy- 
drogen peroxide.  The  antimony  is  calculated  from  the 
weight  of  the  sulphur  in  the  barium  sulphate. 


*  The  expulsion  of  hydrogen  sulphide  is  facilitated  by  passing-  car- 
bon dioxide  or  air  through  the  solution. 

t  Do  not  neglect  to  test  the  filtrate  for  antimony,  by  passing  hydro- 
gen sulphide. 
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In  this  method,  it  makes  no  difference  whether  the 
precipitate  consists  of  antimony  trisiilphide,  antimony 
pentasulphide,  or  a  mixture  of  the  two,  as  both  com- 
pounds give  the  same  amount  of  hydrogen  sulphide  when 
boiled  with  hydrochloric  acid  : 

Sb2S3+6HCl=3H2S-l-2SbCl3 
Sb.2S5+6HCl=3H2S+2S  +  2SbCl3 
The  same  apparatus  which  has  been  described  above 
for  other  purposes,  may  be  used  for  this  determination. 
The  apparatus  is  shown  in  Fig.  21.  The  small  flask  in 
which  the  antimony  sulphide  is  decomposed,  is  closed 
with  a  three-hole  stopper.  In  one  of  the  holes  is  inserted 
a  suction  tube,  in  the  second  a  funnel  tube,  and  in  tlie 
third  a  tube  for  the  introduction  of  carbon  dioxide.  The 
suction  tube  is  provided  with  the  condenser  described  on 
page  58*,  and  is  connected  with  a  vertical  glass  tube 
w^hich  is  filled  with  glass  beads  and  in  which  the  hydro- 
gen sulphide  is  oxidized  by  hydrogen  peroxide  from  the 
dropping  funnel  at  the  upper  end.  The  liquid  which  col- 
lects in  the  glass  tube  is  drawn  off  through  the  glass  stop- 
cock at  the  lower  end.  Connect  the  apparatus  with  a 
Kipp's  generator,  so  as  to  sweep  all  the  hydrogen  sulphide 
from  the  apparatus  over  into  the  tube  containing  the  glass 
beads. 

Place  the  antimony  sulphide  mixed  with  sulphur,  in 
the  flask,  run  in  about  50  cc.  of  dilute  hydrochloric  acid 
through  the  funnel  tube,  and  then  pass  a  moderately 
strong  current  of  carbon  dioxide  through  the  liquid.  At 
the  same  time  drop  into  the  tube  filled  with  the  glass 
beads,  hydrogen  peroxide  which  is  free  from  sulphuric 

*  If  the  apparatus  shown  on  pag^e  58  is  already  setup,  it  may  be  used 
by  passing  the  carbon  dioxide  through  the  funnel  tube. 
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Fig.  21. 

acid,  and  to  which  has  been  added  one-third  of  its  volume 
of  ammonium  hydroxide.  When  the  tube  is  more  than 
one-fourth  full  of  the  hydrogen  peroxide,  it  should  be 
drawn  off  through  the  glass  stop-cock.  Heat  the  contents 
of  the  flask  to  boiling,  and  boil  for  15-20  minutes,  when 
the  sulphide  should  all  be  decomposed. 

The  oxidizing  solution  generally  contains  some  hypo- 
sulphite besides  the  undecomposed  hydrogen  peroxide  and 
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sulphate.  Boil  the  solution  for  about  5  minutes,  to 
change  the  hyposulphite  to  sulphate,  and  to  decompose 
the  excess  of  hydrogen  peroxide.  Now  carefully  add  hy- 
drochloric acid  in  slight  excess,  and  precipitate  the  sul- 
phuric acid  with  barium  chloride. 
Sb2S3  corresponds  to  3  BaS04, 
therefore  BaS04=2/3Sb. 

Instead  of  the  tube  filled  with 
glass  beads,  another  absorption  appa- 
ratus may  be  used.  A  very  simple 
and  useful  apparatus  which  may  be 
used  for  this  purpose,  and  is  easily 
prepared,  is  described  by  Arnold.*  Its 
arrangement  and  use  may  be  seen  from 
Fig.  22. 

Fig.  22. 

PHOSPHOR  BRONZE. 

Determination  of  Phosphorus : — Place  about  2.5 
grams  of  the  bronze  in  a  liter  flask,  add  nitric  acid  (Sp. 
Gr.  1.40)  through  a  funnel,  and  warm  over  a  small  flame 
until  the  strong  action  of  the  acid  has  ceased,  and  all  of 
the  bronze  is  in  solution.  Some  varieties  of  phosphor 
bronze  leave  a  black  pulverulent  residue  of  iron  phos- 
phide, which  dissolves  after  warming  for  some  time.  As 
soon  as  the  solution  is  clear,  heat  to  boiling,  and  boil  un- 
til the  vapors  are  entirely  colorless.  It  is  then  certain 
that  the  oxidation  of  phosphorous  acid  to  phosphoric  acid 
is  complete.  After  cooling,  add  ammonium  hydroxide 
until  a  clear  blue  solution  is  obtained,  then  pass  hydrogen 


*  Rep.  analyt.  Chem.  1885.  No.  4. 
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sulphide,  until  the  supernatant  solution  appears  of  a  de- 
cided yellow  color.  To  separate  any  arsenic  present,  acid- 
ify the  solution  with  acetic  acid,  cool,  and  fill  the  flask  to 
the  mark.  Filter  the  solution,  pipette  100  cc.  into  a 
beaker,  supersaturate  with  ammonium  hydroxide  and  pre- 
cipitate the  phosphoric  acid  with  magnesia  mixture. 

The  precipitate  of  ammonium-magnesium  phosphate 
will  be  completely  separated  in  2  hours  time,  if  the  so- 
lution has  been  constantly  agitated*.  The  further  treat- 
ment of  the  precipitate  is  given  on  page  41. 

ALLOY  OF   COPPER,   TIN,   MANGANESE,  (ZINC) 
AND  PHOSPHORUS. 

PHOSPHOR-MANGANESE  BRONZE. 

If  an  alloy  which  contains  phosphorus  and  tin  is 
dissolved  in  nitric  acid,  pure  stannic  oxide  is  not  formed, 
but  a  mixture  of  the  latter  with  phosphoric  acid.  Such 
alloys  cannot  be  analyzed  by  the  usual  methods.  On 
treating  the  alloy  with  nitric  acid,  the  substances  men- 
tioned may  be  in  the  insoluble  residue.  This  method, 
however,  is  not  to  be  relied  upon,  and  it  is  preferable  to 
dissolve  the  alloy  in  warm  aqua  regia  and  then  precipitate 
the  tin  together  with  the  copper,  as  sulphides. 

Dissolve  a  weighed  sample  of  the  alloy  in  aqua  regia, 
dilute  largely  with  water,  and  precipitate  the  copper  and 
tin  by  passing  hydrogen  sulphide  ;  filter,  and  wash  with 
hydrogen  sulphide  water. 

The  two  metals  may  be  separated  by  digesting  the 


*  In  laboratories  where  a  large  number  of  phosphorus  determina- 
tions (iron  ores,  iron  and  steel,  phosphates,  etc.)  are  made  daily,  a  shak- 
ing apparatus  is  used  for  this  purpose. 
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sulphides  with  yellow  sodium  or  potassium  sulphide.* 
Filter,  wash  the  insoluble  copper  sulphide,  first  with  a 
solution  of  the  alkaline  sulphide,  then  with  hydrogen  sul- 
phide water,  and  determine  the  copper  as  cuprous  sul- 
phide, by  ignition  in  a  current  of  hydrogen.  See  :  Deter- 
mination of  Zinc,  page  31. 

Add  hydrochloric  acid  to  the  filtrate  from  the  cuprous 
sulphide  to  acid  I'eaction,  to  decompose  the  sodium  sulpho- 
stannate,  and  allow  to  stand  at  a  gentle  heat  until  the  pre- 
cipitate of  stannic  sulphide  and  sulphur  has  settled.  As 
the  stannic  sulphide  has  a  tendency  to  run  throvigh  the 
filter  it  must  be  washed  with  a  solution  of  ammonium 
acetate,  acidified  with  acetic  acid  ;  continue  the  washing 
until  the  sodium  chloride  is  washed  out. 

Dry  the  precipitate,  and  remove  it  as  much  as  possi- 
ble from  the  filter.  Incinerate  the  latter  on  the  inverted 
crucible  cover,  moisten  with  nitric  acid,  evaporate  to  dry- 
ness and  ignite. 

Unite  the  precipitate,  cover  the  crucible,  and  heat  for 
some  time  at  a  gentle  heat.  Now  remove  the  crucible 
cover  and  heat  more  strongly,  with  access  of  air,  until  all 
the  sulphur  is  burned  ofi'  and  the  stannic  sulphide  is 
changed  to  stannic  oxide.  Ignite  over  the  blast  lamp,  al- 
low to  cool,  add  a  little  ammonium  carbonate  to  the  cruci- 
ble, and  repeat  the  ignition  to  remove  tlie  last  traces  of 
sulphuric  acid.    Ignite  to  constant  weight. 

The  tin  may  be  determined  indirectly  by  determining 
the  amount  of  hydrogen  sulphide  which  is  liberated  when 
the    stannic  sulphide  is  decomposed  with  hydrochloric 


*  Dissolve  a  quantity  of  sulphur  in  warm  potassium  or  sodium 
sulphide. 
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acid*  ;  for  this  purpose  use  the  apparatus  that  was  used 
in  the  indirect  determination  of  antimony,  described  on 
page  80. 

To  separate  the  zinc  from  the  manganese,  add  sodium 
acetate  to  the  filtrate  from  the  sulphide  precipitate,  so  as 
to  form  acetates  and  free  acetic  acid,  and  then  pass  hydro- 
gen sulphide.  Treat  the  zinc  sulphide  according  to  the 
method  given  on  page  31,  and  precipitate  the  manganese 
in  the  filtrate,  with  ammonium  hydroxide  and  ammonium 
sulphide.  See  page  38.  The  two  metals  may  also  be  sep- 
arated by  Hampe's  method,  as  given  under  German  Sil- 
ver. 

Determine  the  phosphorus  in  a  special  large  sample 
of  2-10  grams  of  the  alloy,  as  the  quantity  is  generally 
quite  small.  Digest  the  sample  with  concentrated  nitric 
acid  until  it  is  completely  decomposed  and  the  residue  is 
pure  white  ;  dilute,  filter  out  the  residue  of  oxide  and 
phosphate  of  tin,  and  wash  it  a  few  times.  After  di'ying, 
transfer  it  as  completely  as  possible  to  a  porcelain  cruci- 
ble, add  the  filter  ash,  and  ignite  ;  now  add  3  times  the 
amount  of  potassium  cyanide,  cover  the  crucible,  and  fuse 
for  a  few  minutes  at  a  red  heat.  The  stannic  oxide  is  thus 
reduced  to  metallic  tin  and  the  phosphoric  acid 
unites  with  the  potassium.  Exti-act  the  fused  mass  with 
hot  water,  and  the  potassium  phosphate  together  with  the 
excess  of  potassium  cyanide  and  potassium  cyanate 
formed,  pass  into  solution.  Filter,  and  boil  the  solution 
with  concentrated  hydrochloric  acid  until  the  hydrocyanic 

*  In  this  case  it  is  important  which  sulphide  of  tin  is  present,  as  the 
amount  of  hydrocren  sulphide  obtained  is  not  the  same  for  equal  amounts 
of  tin:  Sn2SH-4HCl=^^-Sn2Cl4  -h2H-!S 

SnS'2 +4HC1  =SnCU  +  'lU-iS 
Compare  equations,  page  80. 
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acid  is  expelled.  [This  operation  should  be  performed  in 
a  hood,  as  the  fumes  are  intensely  poisonous.]  After 
cooling,  pass  hydrogen  sulphide  .to  precipitate  the  small 
amount  of  copper  and  tin  which  was  redissolved  by  boil- 
ing the  solution  in  the  presence  of  excess  of  potassium  cy- 
anide. Add  bromine  water  to  the  solution  and  boil,  to 
destroy  the  hydrogen  sulphide;  now  cool  the  solution, 
make  ammoniacal,  and  prec%Ditate  the  phosphoi'us  with 
magnesia  mixture. 

As  the  tin  and  the  small  sulphide  precipitate  are 
easily  washed,  the  total  volume  of  the  filtrate  need  not  ex- 
ceed 30-50  cc.  so  that  the  precipitation  may  be  made  in  a 
concentrated  solution.  Agitation  of  the  liquid  accelerates 
the  precipitation. 

If  the  bronze  contains  arsenic,  the  greater  part  of  it 
will  be  found  in  the  phosphate  of  tin  residue  in  the  form 
of  arsenic  acid.  It  has  been  shown  by  experiment,  how- 
ever, that  the  arsenic  acid  does  not  go  into  solution  as  po- 
tassium arsenate,  but  that  a  part  of  the  arsenic  is  reduced 
and  volatilized,  and  the  rest  forms  an  alloy  with  the  tin. 

In  using  this  excellent  method,  which  was  first  men- 
tioned by  Oettel,  it  is  only  necessary  that  there  be  suffi- 
cient tin  in  the  bronze  to  form  phosphate  with  all  of  the 
phosphorus.  Compare  :  Phosphorite.  If  this  is  not  the 
case,  and  phosphorus  is  detected  in  the  filtrate  from  the 
phosphate  of  tin  on  adding  ammonium  molybdate,  a  little 
metallic  tin  must  be  added  to  the  sample.  In  most 
bronzes,  sufficient  tin  will  be  present ;  there  are,  however, 
in  the  manufacture  of  bronzes,  some  intermediary  alloys 
which  do  not  contain  sufficient  tin  to  retain  all  of  the 
phosphorus. 

In  practice,  the  tin  in  phosphor  bronzes  is  generally 
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determined  by  determining  the  sum  of  the  tin  and  phos- 
phorus in  one  sample,  the  phosphorus  in  another,  and 
then  getting  the  tin  by  difference. 

ALLOY  OF  ANTIMONY  AND  TIN. 

First  Method,  (Clarke's)  :— The  principle  of  this 
method  is  as  follows  :  Freshly  precipitated  moist  stannic 
sulphide  dissolves  in  very  concentrated  boiling  oxalic 
acid  ;  consequently,  a  boiling  solution  of  stannic  chloride 
which  contains  considerable  oxalic  acid,  is  not  precip- 
itated by  hydrogen  sulphide.  Antimony  sulphide  is  like- 
wise soluble  in  boiling  oxalic  acid,  but  is  precipitated  from 
this  solution  by  hydrogen  sulphide. 

Dissolve  the  alloy  in  aqua  regia,  avoiding  an  excess 
of  acid,  as  mineral  acids  interfere.  The  excess  of  the 
acid  cannot  be  removed  by  evaporation  unless  a  sufficient 
amount  of  potassium  chloride  is  added  to  form  a  double 
salt  with  the  stannic  chloride,  since  the  latter  is  volatile. 
Now  add  to  the  solution,  20  grams  of  oxalic  acid  dissolved 
in  200  cc.  of  hot  water  ;  dilute  to  300-400  cc,  heat  nearly 
to  boiling,  and  pass  a  rapid  current  of  hydrogen  sulphide 
for  about  half  an  hour. 

The  precipitate  contains  all  of  the  antimony,  together 
with  a  small  amount  of  tin.  Filter  at  once,  as  on  long 
standing  more  stannic  sulphide  separates  ;  wash  the  pre- 
cipitate with  hydrogen  sulphide  water,  and  dissolve  it  in 
ammonium  sulphide.  Pour  the  ammonium  sulphide  solu- 
tion into  a  boiling,  concentrated  solution  of  oxalic  acid, 
and  pass  hydrogen  sulphide  while  the  solution  continues 
to  boil.  Filter  out  the  precipitate  of  antimony  sulphide 
and  sulphur,  wash  it  as  directed  above,  and  determine  the 
antimony  as  given  on  page  79. 
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Unite  the  filtrates  in  a  large  beaker,  add  ammonium 
hydroxide  to  alkaline  reaction,  then  add  ammonium  sul- 
phide and  acidify  with  acetic  acid.  A  stronger  acid 
sliould  not  be  used,  as  oxalic  acid  is  liberated  and  hinders 
the  precipitation  of  the  stai^nic  sulphide.  Treat  the  stan- 
nic sulphide  as  given  on  page  84. 

Second  Method,  (Hampe's)  :  — Dissolve  the  hydrogen 
sulphide  precipitate  in  the  least  amount  of  fi'eshly  pre- 
pared sodium  sulphide  necessary,  and  add  sodium  peroxide 
in  small  portions  to  the  cold,  concentrated  solution,  until 
the  liquid  is  colorless,  and  any  further  addition  of  sodium 
peroxide  evolves  oxygen. 

The  solution  now  contains  sodium  stannate  together 
with  sodium  hydroxide  and  sodium  sulphate,  and  the 
antimony  is  precipitated  as  insoluble  sodium  antimonate. 
Heat  the  solution  to  boiling  and  then  cool,  add  one-third 
the  volume  of  alcohol,  Sp.  Gr.  .833,  and  allow  to  stand  for 
24  hours  for  the  complete  separation  of  the  sodium 
antimonate.  Filter  out  the  precipitate  and  wash  it  first 
with  a  mixtui'e  of  equal  volumes  of  alcohol  and  water  and 
then  with  a  mixture  of  three  volumes  of  alcohol  and  one 
of  water.  Add  a  few  drops  of  sodium  carbonate  solution 
to  all  the  washing  liquids. 

To  determine  the  antimony,  dissolve  the  sodium  anti- 
monate off  the  filter  with  equal  parts  of  hydi'ochloric  acid 
and  tartai-ic  acid,  dilute  with  w^ater,  and  precipitate  the 
antimony  as  antimony  sulphide  by  passing  hydrogen  sul- 
phide. If  it  is  desii'ed  to  weigh  the  antimony  as  the  tri- 
sulphide,  add  a  little  powdered  sulphur  before  heating  in 
the  current  of  carbon  dioxide.    See  page  79. 

Acidify*  the  alcoholic  filti'ate  with  hydrochloric  acid, 
*  If  a  white  precipitate  of  sodium  stannate  separates,  it  is  not  nec- 
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and  precipitate  the  tin  as  stannic  sulphide  with  hydrogen 
sulphide.  Treat  tlie  stannic  sulphide  as  given  on  page  85. 
Both  methods  are  deficient  in  accuracy  and  convenience  ; 
the  best  method  for  separating  tin  and  antimony  is  by 
electrolysis.    See:  Foot  note,  page  1. 

ALLOY  OF  ARSENIC  AND  ANTIMONY. 

Bunsen's  method  for  separating  antimony  and  arsenic 
depends  upon  ihe  fact  that  antimony  only  is  precipitated 
by  hydrogen  sulphide  from  a  cold  solution  containing  ar- 
senic and  antimonic  acids. 

Dissolve  the  finely  divided  alloy  in  concentrated  nitric 
acid,  and  warm  to  complete  the  oxidation  ;  evaporate  the 
excess  of  acid,  and  dissolve  the  residue  in  pure  potassium 
hydroxide.*  Transfer  the  solution  to  a  porcelain  crucible 
of  about  150  cc.  capacity,  saturate  w^ith  chlorine,  cover 
the  crucible  with  a  watch-glass,  and  heat  on  the  water- 
bath.  Gradually  add  concentrated  hydrochloric  acid  until 
in  large  excess,  and  evaporate  on  the  water-bath  to  about 
one-half  the  volume.  The  addition  of  hydrochloric  acid 
and  the  evaporation  should  be  repeated  until  all  the  chlo- 
rine is  expelled ;  finally,  dilute  with  water  and  hydro- 
chloric acid.  Transfer  the  solution  to  a  large  beaker, 
dilute  largely  with  w^ater,  and  add  about  100  cc.  of  a 
freshly  prepared,  saturated  water  solution  of  hydrogen 
sulphide,  for  each  decigram  of  antimonic  acid  ;  all  anti- 
mony will  be  precipitated  as  pentasulphide,  Sb2S5.  The 
excess  of  hydrogen  sulphide  must  be  expelled  from  the  so- 

essary  to  add  hydrochloric  acid  until  it  is  dissolved;  simply  pass  hydro- 
gen sulphide,  which  precipitates  all  the  tin  as  stannic  sulphide. 

*  If  the  metals  are  in  the  form  of  sulphides,  dissolve  directly  in  po- 
tassium hydroxide.  The  potassium  hydroxide  should  be  pure  (from 
alcohol). 
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lutioii  auonce,  otherwise  arsenic  may  be  partially  precip- 
itated ;  this  is  best  done  by  passing  through  the  solution, 
a  rapid  current  of  air  which  has  been  filtered  through  cot- 
ton. About  20  minutes  will  suffice  to  remove  all  the  hy- 
drogen sulphide. 

Filter  the  antimony  pentasulphide  with  the  aid  of  suc- 
tion, on  a  filter  which  has  been  dried  at  110°  C,  and 
weighed  ;  wash  a  few  times  with  water,  then  8  times  with 
alcohol,  then  4  times  with  carbon  bisulphide,  and  finally 
with  alcohol.  The  filter  should  be  filled  with  the  washing 
liquid  each  time.    Dry  at  110°  C,  to  constant  weight. 

Add  a  few  drops  of  chlorine  water  to  the  filtrate,  and 
heat  on  the  water-bath  ;  now  pass  a  rapid  current  of  hy- 
drogen sulphide  for  some  time  through  the  hot  solution, 
and  finally  allow  the  solution  to  cool,  while  still  passing 
the  gas.  Place  the  solution  in  a  warm  place,  and  allow  to 
stand  for  a  day,  so  that  the  precipitate  can  completely 
separate.  Filter  on  a  dried  and  weighed  filter,  and  treat 
exactly  as  given  above  under  Determination  of  Antimony, 
to  remove  any  traces  of  sulphur.  D]*y  at  110°  C,  and 
weigh  as  AS2S5. 

The  simplest  and  most  accurate  separation  of  the  two 
metals  is  by  electrolysis. 

ALLOY  OF  ARSENIC,  ANTIMONY  AND  TIN. 

In  the  analysis  of  a  substance  which  contains  these 
three  metals,  it  is  generally  preferable  to  separate  the  ar- 
senic first,  and  then  the  other  two. 

The  separation  of  arsLenic  from  antimony  and  tin,  de- 
pends upon  its  transformation  into  arsenous  chloride  and 
distillation  as  such.  The  method  for  this  purpose,  first 
used  by  E.  Fischer,  has  been  modified  and  simplified  by 
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F.  Huf Schmidt,  with  the  author's  assistance*,  so  that  it  is 
now  preferable  to  all  former  methods. 

As  already  mentioned,  tlie  method  presupposes  that 
the  arsenic  is  present  in  the  solution  as  the  volatile  arsen- 
ous  chloride.  E.  Fischer  used  a  solution  of  ferrous  chlo- 
ride,! which ,  however,  may  be  replaced  by  ferrous  sulphate, 
or  preferably  by  ferrous-ammonium  sulphate.]; 

Oxidize  a  weighed  amount  of  the  alloy  with  concen- 
trated hydrochloric  acid  and  potassium  chlorate, ||  heat  on 
the  water-bath  till  action  ceases,  and  evaporate  to  dry- 
ness. Transfer  the  residue  with  concentrated  hydrochloric 
acid  to  a  flask  of  about  500-600  cc.  capacity!,  add  20-25 


  Fig.  23. 

*  Ber.  deutsch.  chem.  Gesell,  Vol.  17,  p.  2245. 

t  Pour  25  per  cent  hydrochloric  acid  on  a  laro-e  amount  of  iron 
filing's,  allow  to  act  in  the  cold,  and  then  warm.  Filter  out  the  undis- 
solved iron  and  preserve  the  solution  in  glass  stoppered  bottles. 

t  Classen  and  Ludwig,  Ber.  deutsch.  chem.  Gesell,  Vol.  18,  p.  1110. 

II  Nitric  acid  cannot  be  used  on  account  of  its  subsequent  action  on 
the  ferrous  salt.  If  it  has  been  used,  it  must  be  removed  by  evapora- 
tion with  sulphuric  acid. 

'i  It  makes  no  difference  if  the  residue  is  incompletely  dissolved  by 
the  hydrochloric  acid. 
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cc.  of  ferrous  chloride  solution  of  about  25  grams  of  fer- 
rous-ammonium sulphate,  and  then  add  concentrated  hy- 
drochloric acid  until  the  total  volume  is  about  200  cc. 
Clamp  the  flask  at  an  angle  of  about  45°  on  a  wire  gauze, 
connect  it  on  one  side  with  a  hydrochloric  acid  gas  gener- 
ator, and  on  the  other  side  witli  an  ordinary  flask  of  about 
1  liter  capacity.  The  latter  is  connected  with  a  beaker 
partially  filled  with  water.  The  arrangement  of  the  ap- 
paratus is  seen  in  Fig.  23.  The  flask  for  the  generation 
of  hydrochloric  acid  gas,  of  about  4  liters  capacity, 
contains  about  500  grams  of  sodium  chloride  ;  to  this  is 
added  an  excess  of  sulphuric  acid,  Sp.  Gr.  1.60.* 

The  flask  for  retaining  the  arsenous  chloride  is  filled 
with  about  400-500  cc.  of  water,  then  set  in  a  deep  vessel 
and  cooled  with  water. 

Hydrochloric  acid  gas  is  now  generated  by  warming 
the  generator,  and  the  gas  is  passed  into  the  solution  un- 
til no  more  absorption  takes  place,  which  will  require 
about  an  hour.  Now^  heat  the  solution  to  boiling,  and  dis- 
till about  80-100  cc.  of  the  solution,  while  passing  a  ]*apid 
current  of  hydrochloric  acid  gas.  If  the  absorption  flask 
is  well  cooled,  not  a  trace  of  the  arsenous  chloride  will 
pass  over  into  the  beaker. 

The  complete  separation  of  tlie  arsenic  depends  upon 
having  the  solution  of  the  metals  completely  saturated 
with  hydrochloric  acid  before  beginning  the  distillation. 
A  large  quantity  of  arsenic  (0.5  gram.  AS2O3)  may  be 
volatilized  as  the  chloride,  in  one  distillation. 

The  arsenic  in  the  absorption  flask  may  be  determined 
in  various  ways.    Either  add  fresh  hydrogen  sulphide  w^a- 


[*  A  more  convenient  method  is  to  drop  concentrated  sulphuric  acid 
from  a  dropping  funnel  into  concentrated  hydrochloric  acid.] 
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ter  and  determine  the  arsenic  as  trisulphide,  AS2S3,  on  a 
weighed  filter*,  or  oxidize  the  precipitate  with  hydrogen 
peroxide  and  determine  the  sulphuric  acid.f  In  the  latter 
case,  avoid  a  large  excess  of  hydrogen  sulphide  and  re- 
move the  excess  by  passing  carbon  dioxide.  When  the 
precipitate  has  settled,  siphon  off  the  supernatant  liquid, 
add  ammonium  hydroxide  in  slight  excess,  and  then  add 
25  cc.  of  hydrogen  peroxide.  Heat  to  boiling,  and  con- 
tinue the  boiling  until  no  more  bubbles  are  formed  ;  acid- 
ify with  hydrochloric  acid  and  precipitate  w^ith  barium 
chloride.  Calculate  the  amount  of  arsenic  from  the 
w^eight  of  the  barium  sulphate. 

As2S3=3BaS04 ;  BaS04=2/3As. 

The  arsenous  acid  in  the  distillate  may  also  be  deter- 
mined volumetrically,  by  titration  with  iodine  of  known 
strength,  after  neutralizing  with  an  excess  of  potassium 
or  sodium  carbonate,  t  See  :  Volumetric  Analysis  :  Iodine 
and  Sodium  Arsenite. 

To  separate  the  antimony  and  tin,  first  remove  the 
iron  by  precipitation  with  hydrogen  sulphide  ;  wash  the 
precipitate,  and  determine  the  two  metals  in  the  filtrate, 
as  given  on  page  87. 

Piloty  and  Stock  have  modified  the  distillation  method 
as  follows  :  Instead  of  reducing  with  ferrous  salt,  they 
distill  in  a  current  of  hydrogen  sulphide,  after  saturating 
the  solution  with  hydrochloric  acid. 

The  only  difference  in  the  apparatus.  Fig.  23,  is  that 
a  side  tube  is  fused  into  the  connection  between  the  hy- 
drochloric acid  generator  and  the  distilling  flask  ;  the  side 

*  Wash  with  water,  alcohol,  carbon  bisulphide,  etc.,  exactly  as 
given  under  the  determination  of  antimony  pentasulphide.    Page  90. 
t  Classen,  Ber.  deutsch.  chem.    Gesell,  Vol.  16,  p.  1061. 
+  Prepared  by  gently  igniting  the  bicarbonate. 
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tube  is  connected  with  the  hydrogen  sulphide  generator  by 
means  of  a  rubber  tube.  The  rubber  tube  should  be  pro- 
vided with  a  pinch-cock  near  the  side  tube.  The  absorp- 
tion flask  contains  250  cc.  of  water,  acidified  with  hydro- 
chloric acid,  and  is  covered  with  a  pierced  watch-glass. 
No  loss  of  arsenic  need  be  feared,  as  it  is  at  once  precip- 
itated as  trisulphide.  The  absorption  flask  should  be 
cooled  with  ice. 

Oxidize  the  metals  as  given  above,  and  dilute  to  about 
iOO  cc.  with  concentrated  hydrochloric  acid  ;  heat  to  boil- 
ing, and  pass  a  rapid  current  of  hydrochloric  acid  gas 
while  the  tube  for  the  introduction  of  hydrogen  sulphide  is 
closed.  As  soon  as  all  parts  of  the  distilling  apparatus 
have  been  heated  to  the  temperature  of  the  vapor,  the 
pinch-cock  is  opened  so  that  about  2  bubbles  of  hydro- 
gen sulphide  pass  per  second.  This  produces  an  opal- 
escence, but  no  separation  of  sulphur,  in  the  distilling 
flask. 

After  the  solution  has  boiled  vigorously  and  only  a 
few  cc.  are  left,  the  current  of  hydrogen  sulphide  is 
stopped.  All  the  arsenic  is  now  in  the  absorption  flask, 
in  the  form  of  flocculent  trisulphide.  Tlie  latter  cannot 
be  weighed  as  such,  because  the  sulphur  which  it  contains 
cannot  be  extracted  by  carbon  bisulphide.  Dissolve  in 
potassium  hydroxide,  avoiding  an  excess,  add  bromine 
water  until  a  yellow  color  persists,  acidify  slightly  with 
hydrochloric  acid,  incline  the  flask  at  an  angle  and  boil 
until  all  the  bromine  is  expelled.  Cool  to  70°,  pass  a  rapid 
current  of  hydrogen  sulphide  for  3  hours,  and  continue 
the  passage  of  the  gas  until  the  solution  is  cold. 

After  standing  12  hours,  fllter  on  a  Gooch  crucible, 
and  extract  any  admixed  sulphur  with  carbon  bisulphide 
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in  the  manner  described  on  page  77.  Dry  the  precipitate 
at  105°  C.  to  constant  weight,  and  weigh  as  AS2S5. 

While  distillation  with  a  ferrous  salt  has  the  advan- 
tage that  the  arsenic  may  be  titrated  directly  in  the  fil- 
trate, this  method  gives  a  residue  which  contains  no  for- 
eign metal.  This  latter  method  is  especially  suited  to  the 
electrolytic  separation  of  antimony  and  tin.  For  this  pur- 
pose, it  is  only  necessary  to  neutralize  the  solution  with 
sodium  hydroxide,  evaporate  to  dryness  and  dissolve  the 
residue  in  sodium  sulphide  solution.  See  the  author's 
work  cited  on  page  1,  Foot  Note. 

According  to  Hampe,  the  sulphides  of  arsenic,  anti- 
mony and  tin  may  be  dissolved  in  alkaline  sulphide,  and 
separated  as  follows  :  Add  dilute  sulphuric  acid,  expel  the 
hydrogen  sulphide,  and  filter  off  the  mixture  of  sulphides 
and  free  sulphur.  Transfer  to  a  small  beaker,  and  dissolve 
the  precipitate  adhering  to  the  paper,  with  a  little  freshly 
prepared  ammonium  sulphide ;  add  the  solution  to  the 
beaker  containing  the  precipitate,  decompose  with' hydro- 
chloric acid  and  oxidize  the  sulphides  with  potassium 
chlorate. 

After  removing  the  free  chlorine,  add  tartaric  acid, 
and  filter  off  the  undissolved  sulphur.  On  saturating  with 
ammonium  hydroxide,  a  clear  liquid  should  be  obtained. 
If  this  is  not  the  case,  more  tartaric  acid  must  be  added. 
The  more  tin  is  present,  the  more  tartaric  acid  is  neces- 
sary. 

Concentrate  the  solution  as  much  as  possible,  and 
precipitate  the  arsenic  acid  with  magnesia  solution  in  the 
same  manner  as  given  for  phosphoric  acid,  on  page  41. 
After  the  precipitate  has  completely  separated,  dissolve  it 
in  hydrochloric  acid  and  reprecipitate  by  adding  ammo- 
nium hydroxide  in  excess. 
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The  precipitate  may  either  be  filtered  on  a  previously 
dried  and  weighed  filter,  and  weighed  as  ammonium-mag- 
nesium arsenate,  after  drying  at.  105°  C,  or  it  may  be  de- 
termined as  magnesium  pyroarsenate. 

The  precipitate,  when  dried  to  constant  weight  at 
105°  C,  has  the  composition  MgNH4As04. 

If  it  is  desired  to  determine  the  arsenic  as  pyroarse- 
nate, transfer  the  precipitate  as  completely  as  possible  to 
a  porcelain  crucible,  moisten  the  filter  with  nitric  acid  or 
a  solution  of  ammonium  nitrate,  and  incinerate  it  on  the 
inverted  crucible  cover.  Add  the  filter  ash  to  the  main 
body  of  the  precipitate,  moisten  with  nitric  acid  and  heat 
at  first  for  some  time  in  the  air-bath  at  130°  C.  Gradu- 
ally increase  the  temperature  to  400°  C.  After  the  heat- 
ing has  been  continued  for  some  time,  to  volatilize  the  am- 
monia, the  crucible  is  gradually  heated  up  to  a  bright  red 
heat. 

As  a  part  of  the  arsenic  may  be  lost  on  incinerating 
the  filter,  the  greater  part  of  the  precipitate  of  magnesium- 
ammonium  arsenate  may  be  transferred  to  a  porcelain  cru- 
cible and  ignited  as  given  above  and  weighed  as  magne- 
sium pyroarsenate.  The  remainder  of  the  precipitate  ad- 
hering to  the  filter  paper,  may  be  dried  at  105°  C.  to  con- 
stant weight,  and  weighed  as  magnesium- ammonium  ar- 
senate. The  total  arsenic  is  obtained  by  adding  the  arse- 
nic calculated  from  the  two  portions. 

Good  results  may  also  be  obtained  as  follows  :  Dis- 
solve the  precipitate  of  magnesium-ammonium  arsenate 
off  the  filter  with  nitric  acid,  Sp.  Gr.  1.20,  evaporate  the 
solution  to  dryness  in  a  weighed  porcelain  crucible  on  the 
w^ater-batli,  heat  carefully  on  the  sand-bath  or  asbestos 
plate  to  remove  ammoniiun  salts,  and  finally  ignite  for  5 
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minutes  at  a  low  red  heat.  Weigh  as  magnesium  pyroar- 
senate. 

From  the  preceding,  it  follows  that  the  determination 
of  arsenic  as  pyroarsenate  is  complicated  and  tedious.  It 
is  therefore  preferable  to  determine  the  arsenic  as  penta- 
sulphide,  as  given  on  page  90.  For  this  purpose,  the  fil- 
trate from  the  sodium  antimonate  should  first  be  acidified 
with  hydrochloric  acid,  and  the  alcohol  completely  ex- 
pelled. 

Unite  the  filtrates  from  the  arsenic  sulphide,  acid- 
ify with  hydrochloric  acid,  and  precipitate  the  sulphides 
of  antimony  and  tin  by  passing  hydrogen  sulphide.  The 
two  sulphides  may  be  separated  as  given  on  page  87. 

Note. — If  the  sulphides  of  arsenic  and  tin  are  present 
in  alkaline  sulphide  solution,  they  may  be  separated  in 
the  dry  way  as  follows  :  Precipitate  the  sulphides  as  given 
above,  and  collect  the  precipitate  on  a  filter  which  has 
been  dried  at  110°  C.  and  weighed.  Wash  the  precipitate 
with  the  precautions  given  under  tin  sulphide,  page  84. 

The  arsenic  and  tin  in  the  mixture  of  arsenic  sulphide, 
tin  sulphide  and  sulphur,  maybe  determined  by  placing  a 
weighed  amount  of  the  precipitate  in  a  bulb-tube*,  unit- 
ting  one  arm  with  a  hydrogen  sulphide  generator,  and 
bending  the  other  arm  down  and  immersing  it  in  ammo- 
nium hydroxide  in  an  absorption  flask,  Fig.  24.  Connect 
the  absorption  flask  witli  a  U-tube,  also  partially  filled 
with  ammonium  hydroxide,  to  avoid  any  loss  of  arsenic 
sulphide. 

When  the  entire  apparatus  is  filled  with  hydrogen 
sulphide,  heat  the  bulb,  at  first  gently  and  then  more 

*  If  the  weighed  substance  cannot  be  transferred  to  the  bulb  with- 
out loss,  first  dry  the  latter  at  110°  C,  determine  its  weight,  transfer  a 
portion  of  the  precipitate  to  the  bulb,  dry  at  the  same  temperature,  and 
weigh  again. 
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strongly  and  continue  the  heating  as  long  as  arsenic  sul- 
phide continues  to  volatilize. 

After  the  apparatus  has  cooled,  cutoff  the  bent  arm  of 
the  tube  close  up  to  the  bulb,  and  dissolve  the  sublimate 
in  it  with  warm,  dilute  potassium  hydroxide.  Transfer 
the  potassium  hydroxide  and  the  contents  of  the  absorp- 
tion flasks  to  a  porcelain  dish,  evaporate  on  the  water- 
bath,  and  carefully  oxidize  the  residue  with  fuming  nitric 
acid. 

The  contents  of  the  absorption  flask  may  also  be  su- 
persaturated with  hydrochloric  acid,  and  the  arsenic  sul- 
phide in  suspension  then  oxidized  to  arsenic  acid  by  add- 
ing potassium  chlorate  and  warming. 


Fig.  24. 

In  either  case,  filter  off  the  unoxidized  sulphur,  add 
ammonium  hydroxide  in  excess  to  the  filtrate,  and  precip- 
itate the  arsenic  as  magnesium-ammonium  arsenate. 
Treat  the  precipitate  exactly  as  given  on  page  96. 

The  tin  remaining  behind  in  the  bulb  as  tin  sulphide, 
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may  be  determined  as  stannic  oxide  by  transferring  to  a 
porcelain  crucible,  moistening  with  nitric  acid,  heating 
gently  at  first  and  then  at  a  red  heat.  If  a  bulb-tube  of 
difficulty  fusible  glass  has  been  used,  the  sulphide  of  tin 
may  be  oxidized  to  stannic  oxide  by  passing  a  current  of 
air  through  the  bulb,  while  heating  at  a  low  red  heat. 

SEPARATION  OF  BARIUM  FROM  STRONTIUM. 

The  method  depends  upon  the  following  facts  :  Bar- 
ium chromate  is  appreciably  soluble  in  solutions  which 
contain  free  acetic  acid,  or  ammonium  salts  ;  if,  however, 
enough  of  the  precipitant,  ammonium  chromate,  is  used, 
so  that  the  acetic  acid  will  be  united  to  the  ammonium  of 
the  ammonium  chromate,  the  barium  chromate  is  quite 
insoluble. 

Under  these  conditions  almost  all  of  the  strontium 
chromate  remains  in  solution.  As  there  is  always  a  little 
strontium  chromate  in  the  precipitate  of  barium  chromate 
with  a  single  precipitation,  it  is  necessary  to  dissolve  and 
reprecipitate.  (Fresenius.) 

The  reagents  required  are  : 

1.  A  neutral  10.%  solution  of  ammonium  chromate. 

2.  A  solution  of  ammonium  acetate  w4iich  contains 
31  grams  of  the  salt  in  100  cc.  of  w^ater. 

3.  Acetic  acid,  Sp.  Gr.  1.065. 

4.  Nitric  acid,  Sp.  Gr.  1.20. 

Dissolve  about  1  gram  of  a  mixture  of  pure  barium  and 
strontium  carbonates  in  the  least  amount  of  dilute  hydro- 
chloric acid  necessary,  remove  the  excess  of  acid  by  evap- 
oration and  dissolve  in  about  300  cc.  of  water.  Now  add 
6  drops  of  acetic  acid,  and  a  few  drops  of  ammonium  ace- 
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tate  to  neutralize  any  mineral  acid  present. 

Heat  the  solution,  and  precipitate  with  an  excess  of 
ammonium  cliromate  ;  allow  to  settle  for  an  hour  and  de- 
cant on  a  small  filter. 

Wash  the  precipitate  with  water  containing  ammo- 
nium cliromate,  until  the  filtrate  gives  no  precipitate  with 
ammonium  hydroxide  and  ammonium  carbonate,  then 
wash  with  pure  warm  water  until  the  filtrate  show^s  only 
a  very  slight  reddish-brown  color  when  tested  with  neu- 
tral silver  nitrate. 

As  the  precipitation  must  be  repeated,  pierce  the 
point  of  the  filter  and  rinse  the  precipitate  into  a  beaker  ; 
wash  the  filter  first  with  warm  dilute  nitric  acid  and  then 
with  water.  Dissolve  the  precipitate  by  warming  with  a 
small  amount  of  nitric  acid,  (about  2cc.)  Dilute  to  about 
200  cc,  warm,  gradually  add  5  cc.  of  ammonium  acetate 
and  then  ammonium  cliromate  until  there  is  no  odor  of 
acetic  acid.  After  standing  for  an  hour,  decant  through  a 
filter,  digest  the  precipitate  with  hot  water,  and  after  cool- 
ing, rinse  the  precipitate  onto  the  filter  and  wash  w^ith  cold 
water  until  the  filtrate  gives  no  test  for  chromic  acid,  with 
silver  nitrate. 

Remove  the  barium  cliromate  from  the  filter,  incin- 
erate the  latter  sex^arately,  and  then  ignite  both  precip- 
itate and  filter  ash  in  a  platinum  crucible  at  a  gentle  heat. 
If  the  precipitate  is  ignited  too  strongly,  the  chromic  acid 
will  be  reduced,  and  the  residue  will  appear  green.  The 
particles  of  the  precipitate  which  adhered  to  the  filter  pa- 
per will  be  reduced  when  the  paper  is  incinerated  but  may 
again  be  oxidized  to  chromic  acid  by  careful  heating. 

Add  1  cc.  of  nitric  acid  to  the  filtrate  containing  the 
strontium,  concentrate,  and  precipitate  with  ammonium 
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hydroxide  and  ammonium  carbonate.  As  the  precipitated 
strontium  carbonate  retains  some  chromic  acid,  dissolve  it 
in  hydrochloric  acid,  add  to  the  solution  an  equal  volume 
of  alcohol,  and  precipitate  the  strontium  with  an  excess  of 
dilute  sulphuric  acid.  After  standing  for  6  hours,  filter, 
wash  with  dilute  alcohol,  ignite  at  a  moderate  temper- 
ature, and  weigh  as  SrS04. 

SEPARATION  OF  BARIUM  FROM  CALCIUM. 

Separate  the  barium  as  barium  chromate,  by  two  pre- 
cipitations, exactly  as  given  in  the  Separation  of  Barium 
from  Strontium.  Add  ammonium  hydroxide  to  the  filtrate 
to  alkaline  reaction,  and  precipitate  the  calcium  with  am- 
monium oxalate.  Treat  the  calcium  oxalate  as  given  on 
page  21.  The  nitrates  of  the  metals  may  also  be  separ- 
arated  by  ether-alcohol,  according  to  the  method  given  be- 
low. 

SEPARATION  OF  STRONTIUM  FROM  CALCIUM. 

This  method  depends  upon  the  insolubility  of  stron- 
tium nitrate,  and  the  solubility  of  calcium  nitrate,  in  a 
mixture  of  equal  parts  of  absolute  alcohol  and  anhydrous 
ether. 

Dissolve  about  1  gram  of  the  mixed  carbonates  of 
strontium  and  calcium  in  nitric  acid  in  a  small  porcelain 
dish,  evaporate  to  dryness,  and  heat  for  some  time  at 
130°  C.  in  the  air-bath*.  Finally  pulverize  the  mass,  add 
5  cc.  of  ether-alcohol  and  quickly  rub  together.  Repeat 


*  The  temperature  may  be  raised  to  180°  without  decomposing  the 
salts. 
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this  treatment  5  times,  transferring  the  solutions  to  a 
small  flask. 

After  expelling  the  ether-alcohol  from  the  residue, 
dissolve  in  water,  evaporate  to  dryness,  and  heat  for  some 
time  at  130°  C.  in  the  air-bath.  Pulverize  the  mass,  and 
transfer  it  to  the  flask  with  about  15  cc.  of  ether-alcohol. 
Allow  to  stand  for  24  hours,  with  frequent  shaking  ;  filter 
through  a  small  filter,  and  wash  the  strontium  nitrate  by 
decantation  and  on  the  filter,  with  ether-alcohol  10-12 
times,  using  about  5  cc.  of  the  washing  solution  each  time. 
The  strontium  nitrate  inthe  flask,  on  the  filter,  and  in  the 
dish,  if  it  was  not  all  transferred,  is  now  dissolved  in  water, 
and  precipitated  with  sulphuric  acid  in  the  presence  of 
alcohol. 

Precipitate  the  calcium  direct  with  sulphuric  acid,  in 
the  ether-alcohol  solution.  Allow  to  stand  for  6  hours, 
filter  out  the  calcium  sulphate,  wash  with  absolute  alco- 
hol, heat  at  a  low  red  heat,  and  weigh  as  calcium  sul- 
phate. 

SEPARATION  OF  BARIUM,  STRONTIUM,  AND 
CALCIUM. 

From  what  has  been  said  in  the  above  individual  sep- 
arations, two  methods  may  be  derived.  First,  separation 
of  the  barium  a&  chromate,  precipitating  the  strontium 
and  calcium  as  carbonates,  by  ammonium  hydroxide  and 
ammonium  carbonate,  and  then  separating  the  strontium 
and  calcium  nitrates  by  ether-alcohol.  Second,  treating 
the  three  nitrates  with  ether-alcohol,  which  leaves  barium 
and  strontium  nitrates  insoluble.  The  barium  may  now 
be  separated  from  the  strontium  by  ammonium  chromate. 
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SEPARATION  OF  BARIUM,  STRONTIUM,  CAL- 
CIUM, AND  MAGNESIUM. 

Magnesium  may  be  separated  from  the  alkaline  earths 
by  evaporating  the  solution  to  dryness,  adding  alcohol  and 
then  concentrated  sulphuric  acid  in  slight  excess.  This 
precipitates  barium,  strontium  and  calcium,  as  sulphates, 
while  magnesium  sulphate  remains  in  solution.  After  the 
precipitate  has  completely  settled,  filter,  and  wash  with 
absolute  alcohol,  until  the  filtrate  gives  no  reaction  for 
sulphuric  acid.  The  precipitate  should  now  be  washed 
with  35-40%  alcohol,  to  remove  the  small  amount  of  mag- 
nesium sulphate  that  is  precipitated  with  the  Twlkaline 
.earths.  Expel  the  alcohol  from  the  filtrate,  add  ammo- 
nium hydroxide  in  excess,  and  precipitate  the  magnesium 
as  magnesium-ammonium  phosphate. 

The  alkaline  earths  may  be  separated  by  fusing  the 
mixed  sulphates  with  sodium  carbonate  in  a  platinum 
crucible.  Extract  the  fuse  with  warm  water,  filter,  and 
wash  the  carbonates  with  hot  water,  to  remove  the  sodium 
sulphate. 

The  barium,  strontium  and  calcium  may  now  be  sep- 
arated by  one  of  the  methods  given  above. 

SEPARATION  OF  POTASSIUM  FROM  SODIUM.* 

The  separation  of  the  two  alkalies  depends  upon  the 
precipitation  of  potassium  as  potassium-platinic  chloride, 
while  the  sodium-platinic  chloride  remains  in  solution. 
To  obtain  exact  results,  definite  conditions  must  be  ob- 
served. 


*  Use  a  mixture  consisting  of  about  25  per  cent,  of  sodium  chloride 
and  75  per  cent  of  potassium  chloride. 
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Dissolve  from  .3-. 5  gram  of  the  mixed  chlorides 
which  have  been  dried  at  100°  C,  in  a  porcelain  dish,  in 
the  least  amount  of  water  necessary  ;  add  a  concenti'ated 
solution  of  platinic  chloride*,  which  is  weakly  acid  with 
hydrochloric  acid,  and  evaporate  at  a  low  temperature  on 
the  water-bath  until  the  mass  appears  dry  on  cooling. 
Add  95%  alcohol  to  the  cold  residue,  stir,  and  decant 
through  a  filter  that  has  been  dried  at  115°  C.  and  weighed. 
Repeat  the  washing  of  the  potassium-platinic  chloride  with 
small  amounts  (5  cc.)  of  alcohol  until  the  filtrate  appears 
colorless  ;  now  transfer  the  precipitate  to  the  filter,  and 
dry  at  110°-115°  C.  to  constant  weight.  The  residue  is 
KsPtCle. 

Drying  a  large  precipitate  on  a  filter  is  an  operation 
which  requires  considerable  time.  It  is  much  more  rapid 
to  transfer  the  precipitate  to  a  weighed  platinum  or  por- 
celain dish,  and  dry  at  112°  C.  to  constant  weight.  Any 
particles  of  the  precipitate  which  adhere  to  the  filter  and 
cannot  be  removed,  may  be  dissolved  with  hot  water  and 
the  solution  evaporated  with  the  body  of  the  precipitate 
and  finally  dried  at  115°  C,  to  constant  weight. 

Calculate  the  potassium-platinic  chloride  to  KCl,  sub- 
tract this  weight  from  the  weight  of  the  mixed  chlorides 
taken  for  analysis,  and  thus  obtain  theNaCl  by  difference. 

Instead  of  separating  the  potassium  as  potassium-plat- 
inic chloride,  the  total  chlorine  in  a  weighed  portion  of 
the  mixture  may  be  determined,  and  the  potassium  chlo- 

*  Sufficient  platinum  chloride  must  be  added,  not  only  to  convert  all 
the  potassium  into  potassium-platinic  chloride,  but  also  all  the  sodium 
into  the  double  salt.  Otherwise  the  potassium-platinic  chloride  will  be 
contaminated  with  sodium  chloride  which  is  difficult  to  wash  out  with 
alcohol. 

If  a  platinic  chloride  solution  is  used  which  contains  10  grams  plat- 
inum to  100  cc.  of  the  solution,  10  cc.  of  the  platinic  chloride  solution 
will  suffice  for  .5  gram  of  the  mixture  used  for  analysis. 
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ride  and  sodium  chloride  then  calculated.  This  indirect 
determination  of  potassium  in  the  presence  of  sodium,  is 
of  general  applicability  and  may  be  used  whatever  the 
proportions  of  the  salts  in  the  mixture.*  Correct  results 
can  be  obtained  only  when  the  alkaline  chlorides  are  ab- 
solutely pure. 

The  chlorine  may  be  estimated  either  by  precipitating 
with  silver  nitrate  and  weighing  the  silver  chloride,  (See 
Barium  Chloride  p.  26),  or  the  chlorine  may  be  estimated 
volumetrically.  (See  Volumetric  Analysis  ;  Analysis  by 
Precipitation.) 

If  S  represents  the  sum  of  Potassium  and  Sodium 
Chlorides, 

C  the  amount  of  chlorine  found, 

then, 

x(KCl)=4.6413  (S— 1.6502  C) 
y(NaCl)=S-x. 

MIXTURE   OF   POTASSIUM   CHLORIDE,  SODIUM 
CHLORIDE  AND  MAGNESIUM  SULPHATE. 

The  following  method,  devised  by  the  author, f  for 
separating  magnesium  from  the  alkalies,  depends  upon 
the  precipitation  of  the  magnesium  as  oxalate,  (page  28). 
In  this  method,  it  makes  no  difference  whether  the  mag- 
nesium and  alkalies  are  present  as  chlorides,  sulphates,  or 
nitrates.  Sulphates,  however,  are  less  suitable  than  the 
two  other  salts. 

Dissolve  about  .5  gram  of  the  mixture  in  water,  dilute 
to  25-30  cc,  add  a  cold  saturated  solution  of  ammonium 

*  In  the  indirect  analysis  of  the  sulphates,  this  is  not  the  case,  (See 
pag-e  106). 

t  Zeit.  f.  anal.  Chem.,  Vol,  18,  p.  373. 
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oxalate*,  heat  to  boiling  and  precipitate  the  magnesium- 
ammonium  oxalate  by  adding  concentrated  acetic  acid.  Al- 
low to  cool  somewhat,  add  1/3  the  volume  of  alcohol  to  the 
solution,  and  allow  to  stand  in  a  warm  place  for  about  6 
hours.  Filter,  and  wash  with  a  mixture  of  equal  volumes 
of  concentrated  acetic  acid,  alcohol  and  water,  and  ignite 
to  magnesium  oxide. 

The  alkalies  are  best  determined  by  evaporating  to 
sulpliates.  Evaporate  the  filtrate  to  dryness  in  a  platinum 
dish,  and  expel  the  ammonium  salts  by  gentle  ignition  ; 
moisten  the  residue  with  dilute  sulphuric  acid,  and  ignite. 
A  mixture  of  neutral  sulphates  and  acid  sulphates  is 
formed.  As  the  acid  sulphates  form  the  neutral  sulphates 
very  slowly  on  ignition,  add  small  pieces  of  pure  ammo- 
nium carbonate  during  the  ignition,  cover  and  heat  to  con- 
stant weight.  The  residue  consists  of  neutral  sulphates. 
After  the  weight  has  been  determined,  dissolve  in  a  little 
water,  add  a  few  drops  of  dilute  hydrochloric  acid,  and 
precipitate  the  potassium  as  potassium-platinic  chloride 
(page  104) .  Subtract  the  amount  of  potassium  sulphate 
equivalent  to  the  weight  of  the  potassium-platinic  chlo- 
ride, from  the  weight  of  the  mixed  sulphates,  and  obtain 
the  sodium  sulphate  by  difference. 

In  some  cases,  the  amount  of  sulphuric  acid  in  the 
mixed  sulphates  may  be  determined,  and  the  amount  of 
potassium  and  sodium  obtained  indirectly  by  calculation. 

If, 

x=amount  of  potassium  sulphate, 
y=amount  of  sodium  sulphate, 

*  If  a  warm  saturated  solution  of  ammonium  oxalate  is  added  to  a 
concentrated  solution  of  the  mixed  salts,  the  addition  of  acetic  acid 
causes  a  precipitation  of  potassium-magnesium  oxalate  as  well  as  magne- 
sium oxalate.    The  potassium  salt  is  difficult  to  wash  out. 
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S=the  weight  of  the  mixed  sulphates,  and 
s=the  weight  of  sulphuric  acid  found  (cal- 
culated as  SOs) 

then, 

x-fy=S. 

0.45928  x+0. 5631  y=s 
0.45928  x  +  0.5631  (S— x)=s 
0.45928  x  +  0.5631  S— 0.5631  x=s 
—  0.10328  x=s— 0.5631  S. 
0.10382  x=0.5631  S— s 
x=5.4238  (S— 1.7758  s) 
y=S-x. 

This  indirect  method,  however,  presupposes  that  the 
sodium  sulphate  is  in  considerable  excess  of  the  potassium 
sulphate.  If  the  amount  of  potassium  sulphate  is  in  excess 
of,  or  even  equal  to,  the  amount  of  sodium  sulphate,  the 
result  is  inaccurate.* 

Another  method  for  separating  magnesium  from  the 
alkalies,  depends  upon  its  precipitation  as  magnesium- 
ammonium  phosphate.  Dissolve  the  mixed  salts  in  water, 
add  ammonium  chloride  and  ammonium  hydroxide,  and 
then  ammonium  phosphate  in  slight  excess.  Treat  the 
precipitate  as  given  on  page  27. 

Neutralize  the  filtrate  with  hydrochloric  acid,  and 
separate  the  phosphoric  acid  from  the  alkalies  as  given  on 
page  42.  Evaporate  the  filtrate  to  dryness,  volatilize  the 
ammonium  salts  by  gentle  ignition,  and  transform  the  al- 
kalies to  sulphates  as  given  above. 


*  Kretschy,  Zeit.  f.  anal.  Chem.,  Vol.  15,  p,  56, 
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ALUM. 

Constituents  :  Aluminum,  Potassium,  (Ammonium), 
Sulphuric  Acid,  and  Water. 

Determination  of  Aluminum  and  Potassium  : — Place 
about  1.5  grams  of  the  salt  in  a  platinum  or  porcelain 
dish,  add  a  little  water,  and  warm  to  solution  ;  add  ammo- 
nium chloride  and  then  ammonium  hydroxide  in  slight 
excess.  Heat  on  the  water-bath  until  the  ammonia  is  ex- 
pelled,* filter,  and  wash  by  decantation  with  hot  water. 
As  the  aluminum  hydroxide  can  be  washed  but  slowly  on 
account  of  its  gelatinous  nature,  it  is  convenient  either  to 
use  suction,  or  to  dry  the  precipitate  and  then  continue 
the  washing.  Place  the  dried  precipitate  in  a  well  closed 
crucible  and  ignite,  at  first  gently  and  then  more  strongly. 
As  aluminum  hydroxide  always  contains  aluminum  sul- 
phate f  if  precipitated  in  the  presence  of  sulphuric  acid, 
the  precipitate  must  finally  be  heated  over  the  blast  lamp. 

Evaporate  the  filtrate  from  the  aluminum  hydroxide 
to  dryness  in  a  platinum  or  porcelain  dish,  and  volatilize 
the  ammonium  salts  by  gentle  ignition,  Dissolve  the  res- 
idue in  a  very  small  amount  of  water,  transfer  to  a 
platinum  crucible,  evaporate  to  dryness,  and  ignite  the 
residue.  Add  ammonium  carbonate  during  the  ignition, 
to  facilitate  the  formation  of  normal  sulphate.  Weigh  as 
potassium  sulphate. 

The  ammonia  is  determined  by  decomposing  the  am- 

*  [Genth  and  Penfield  claim  that  washing-  with  pure  water,  rather 
than  the  solubility  of  the  precipitate  in  the  ammonium  hydroxide, 
causes  a  small  amount  of  aluminum  to  pass  into  the  filtrate.  Penfield 
and  Harper  recommend  washing-  the  precipitate  with  a  dilute  solution 
of  ammonium  nitrate;  20  cc.  of  nitric  acid,  neutralized  with  ammonium 
hydroxide,  to  a  liter.  See:  Am.  Jour.  Sci.,  3d  Ser..  Vol.  22,  p.  112,  1886.] 

t  For  this  reason  the  sulphuric  acid  cannot  be  determined  in  the 
filtrate  from  the  aluminum  hydroxide. 
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monium  sulphate  with  potassium  or  sodium  hydroxide 
and  absorbing  the  liberated  ammonia  in  hydrochloric  acid. 
The  apparatus  shown  in  Fig.  25  may  be  used  for  the  pur- 
pose. The  tubulated  retort  r  contains  a  concentrated  solu- 
tion of  potassium  or  sodium  hydroxide  ;  the  two  absorp- 
tion flasks  v  and  v'  are  partly  filled  with  dilute  hj'dro- 
chloric  acid.  The  ammonium  hydroxide  passes  over 
through  the  condenser  K. 


Fig.  25. 

As  cork  or  rubber  may  absorb  ammonia,  care  must  be 
taken  that  the  latter  does  not  come  in  contact  with  them. 
When  the  apparatus  is  set  up,  weigh  a  portion  of  the  sub- 
stance in  a  small  glass  tube,  transfer  to  the  retort  through 
the  side  tubulure,  and  distil  over  about  one-third  of  the 
contents  of  the  retort.  Determine  the  ammonium  chloride 
in  the  absorption  flask  by  transferring  to  a  porcelain  dish, 
adding  platinum  chloride  and  evaporating  on  the  water- 
bath.  Proceed  as  given  in  the  Determination  of  Potas- 
sium ;  page  104. 
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If  the  quantity  of  ammonium-platinic  chloride  is 
slight,  it  may  be  ignited  to  metallic  platinum  in  a  weighed 
porcelain  crucible,  and  the  ammonium  calculated  from  the 
weight  of  platinum. 

The  determination  of  the  resulting  ammonium  chlo- 
ride by  evaporating  the  liquid  in  the  absorption  flasks, 
does  not  give  an  accurate  result,  as  ammonia  or  ammo- 
nium chloride  is  always  volatilized  on  evaporation  and 
drying. 

The  ammonium  in  alum  may  also  be  determined  by 
absorbing  it  in  an  excess  of  standard  acid  and  then  titrat- 
ing the  excess  with  a  standard  alkali  solution.  See  Volu- 
metric Analysis  ;  Acidimetry. 

If  the  alum  contains  iron,  it  may  be  determined  in  a 
large  quantity  of  the  salt  by  precipitating  with  potassium 
hydroxide,  and  then  determining  the  iron  in  the  precip- 
itate volumetrically.  See  Volumetric  Analysis ;  Potas- 
sium Permanganate  and  Ferrous  Salts.  The  iron  so 
found,  calculated  to  Fe203,  must  be  subtracted  from  the 
weight  of  AI2O3  found  above. 

The  sulphuric  acid  is  determined  as  barium  sulphate 
as  usual,  in  a  special  portion. 

The  water  in  alum  cannot  be  determined  by  'loss  of 
weight  on  ignition,'  as  not  only  water,  but  sulphuric  acid, 
and  ammonia  also,  if  present,  would  be  volatilized.  If 
the  alum  is  free  from  ammonia,  the  method  given  under 
Dolomite,  page  61,  may  be  used.  This  method  is  not  ap- 
plicable in  the  presence  of  ammonia,  as  the  latter  would 
be  expelled  on  ignition  with  lead  carbonate,  and  would  be 
absorbed  by  the  calcium  chloride.  In  this  case,  connect 
two  U- tubes,  filled  with  pumice  stone  saturated  w^ith  con- 
centrated sulphuric  acid,  to  the  tube  containing  the  lead 
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carbonate  and  alum.  By  the  gain  in  weight  of  the  pre- 
viously weighed  tubes,  the  per  cent,  of  the  water  +  ammo- 
nia is  determined.  The  per  cent,  of  ammonia  determined 
directly,  is  subtracted  from  this  quantity,  to  obtain  the 
per  cent,  of  water. 

SIDERITE.* 

Constituents:  Ferrous  Carbonate,  together  with  Car- 
bonates of  Manganese,  Calcium,  and  Magnesium. 

In  an  ordinary  analysis  of  iron  ores,  only  iron  and 
manganese  are  determined;  more  rarely,  phosphoric  acid, 
sulphuric  acid  and  copper,  f  Calcium  and  magnesium  are 
considered  only  when  their  amount  is  considerable. 

Determination  of  Iron  : — This  determination  may  be 
made  most  rapidly  and  accurately  by  titration  on  a  spe- 
cial sample.  As  pure  siderite  contains  the  iron  exclu- 
sively in  the  ferrous  condition,  if  the  ore  is  dissolved  with- 
out access  of  air,  it  can  be  titrated  at  once  with  .perman- 
ganate. Dissolve  from  .2-. 5  gram  of  the  dried  mineral  in 
dilute  sulphuric  or  hydrochloric  acid,  J  in  a  flask  of  about 
100-150  cc.  capacity. 

*  In  the  analysis  of  ores,  furnace  products,  etc.,  it  is  necessary  to 
prepare  a  good,  average  sample.  The  ores,  etc.,  should  be  broken  up  to 
the  size  of  peas  in  an  iron  mortar,  and  the  sample  then  spread  out 
evenly.  Divide  it  into  quadrants,  and  take  a  smaller  sample  with  a 
spatula  or  spoon,  either  from  opposite  quadrants  or  equally  from  all 
four.  This  smaller  sample  can  now  be  powdered  in  an  iron  motar,  and 
the  quartering  repeated.  The  final  sample  should  be  ground  in  an 
agate  mortar  until  no  hard  particles  can  be  felt  with  the  pestle. 

t  Spathic  Iron  Ore  is  ordinarily  free  from  these  constituents;  for 
their  determination,    See:  Red  Hematite. 

X  Hydrochloric  acid  decomposes  potassium  permanganate,  espec- 
ially when  heated:  KMn04  -[-  8HC1  =  KCl  -1-  Mn(  12  -|-  5C1  -|-  4H20. 
The  interference  of  hydrochloric  acid  will  be  completely  avoided,  if  a 
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The  oxidation  of  the  iron  during  so- 
lution may  be  prevented  by  placing  a 
Bunsen  valve  in  the  neck  of  the  flask,  Fig. 
26;  this  allows  vapors  to  escape,  but 
does  not  allow  air  to  enter.  It  is  more 
convenient  to  use  the  apparatus  shown 
in  Fig.  28.  After  the  substance  and  acid 
have  been  placed  in  the  flask,  add  a  lit- 
tle sodium  bicarbonate  and  connect  with 
a  second  flask  or  beaker  which  contains 


Fig.  26. 


a  solution  of  sodium  bicarbonate.  The  acid  is  now 
warmed  until  solution  is  effected,  and  the  flame  then  re- 
moved ;  on  cooling,  the  liquid  from  B.  is  sucked  back  into 
A.  As  an  alternative  method,  a  current  of  carbon  dioxide 
can  be  passed  through  the  flask  during  solution,  to  avoid 
any  oxidation  of  the  iron.  When  the  solution  is  com- 
plete, dilute  the  water  (previously  boiled) ,  and  titrate  with 
permanganate.  See  Volumetric  Analysis :  Potassium 
Permanganate  and  Ferrous  Salts. 

If  the  mineral  contains  ferric  oxide  together  with  the 
ferrous  oxide,  the  former  must  be  reduced  before  titration. 
For  this  purpose,  add  a  few  pieces  of  zinc  to  the  acid  so- 
lution, which  dissolves  with  an  evolution  of  hydrogen. 
While  the  ferric  iron  is  being  reduced  to  ferrous,  the  yel- 
low color  of  the  former  gradually  disappears,  and  the  so- 
lution Anally  becomes  colorless.  The  reduction  is  facil- 
itated by  gentle  heat.  If  the  solution  of  gas  becomes  weak, 
add  a  little  dilute  sulphuric  acid. 


sufficient  amount  of  mangfanous  chloride,  or  preferably,  manganous 
sulphate,  is  added  to  the  solution.  Use  a  solution  which  contains  200 
grams  of  the  salt  to  the  liter;  20  cc.  of  this  solution  will  then  be  suffi- 
cient, even  if  hydrochloric  acid  is  present  in  large  excess.  (Zimmerman). 
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As  soon  as  the  liquid  is  perfectly  decolorized,  and  all 
the  zinc  is  in  solution,  cool,  and  titrate  at  once  with  per- 
manganate. 

If  a  piece  of  platinum  foil  or  wire  is  added  with  the 
zinc,  reduction  of  the  iron  is  effected  much  quicker. 

Potassium  permanganate  can  also  be  used  to  deter- 
mine ferrous  iron  in  the  presence  of  ferric  iron.  Dissolve 
a  weighed  sample  with  exclusion  of  air  (see  above) ,  and 
titrate  directly  with  permanganate. 

A  second  sample  is  reduced  with  zinc,  and  the  total 
iron  determined  with  permanganate.  The  ferric  oxide  is 
then  determined  by  difference. 

Another  method  for  the  determination  of  ferrous  iron, 
which  permits  the  use  of  hydrochloric  acid,  depends  upon 
the  oxidation  of  ferrous  iron  by  chromic  acid. 

Chromates  are  decomposed  by  ferrous  salts,  the  fer- 
rous iron  being  oxidized  to  ferric,  and  the  chromic  acid 
being  reduced  to  chromic  salt : 

K2Cr207+6FeS04+8H.2S04=2KHS04+Cr2(S04)3 
+  3Fe2(S04)3-j-7H20. 

A  standard  solution  is  prepared  by  dissolving  4,913 
grams  of  dried  potassium  bichromate  in  1  liter  of  water. 

To  standardize  the  solution,  weigh  a  quantity  of  pure 
metallic  iron  or  ammonium- ferrous  sulphate,  dissolve  in 
dilute  hydrochloric  acid,  and  titrate  with  the  standard  bi- 
chromate solution  to  the  end  reaction.  Potassium  ferri- 
cyanide  is  used  as  an  indicator.  Place  a  few  drops  of  the 
freshly  prepared  indicator  on  an  oiled  porcelain  plate,  and 
add  a  very  small  drop  of  the  solution  to  be  tested  ;  as  long 
as  a  blue  precipitate  or  a  blue  coloration  results,  ferrous 
iron  is  present.  Add  bichromate  until  the  blue  color  is 
not  obtained.. 
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Volumetric  Determination  of  Manganese. Volliard's 
Methodf  : — Of  all  the  methods  winch  have  been  recom- 
mended for  the  volumetric  determination  of  manganese, 
in  the  presence  of  iron,  Volhard's  is  the  most  simple  and 
accurate. 

The  method  is  based  upon  the  following  reaction, 
wdiich  takes  place  in  a  hot,  dilute,  neutral  solution  contain- 
ing the  manganese  as  sulphate  : 

3MnS04+2KMn04-f2H20=5Mn02+K2S04-h2H2S04. 

If  the  titration  is  made  in  the  absence  of  another 
metallic  base,  the  oxidation  takes  place  but  slowly,  and 
the  end  reaction  is  indefinite.  If,  however,  the  precipita- 
tion is  made  in  the  presence  of  a  metallic  salt  (Volhard 
used  zinc  oxide) ,  ihe  end  reaction  is  sharp. 

From  a  sulphate  solution,  in  the  presence  of  zinc  ox- 
ide, the  manganese  dioxide  is  precipitated  as  a  reddish- 
brown  precipitate  ;  in  the  presence  of  chlorides,  the  pre- 
cipitate is  voluminous  and  of  a  fuchsine-red  color. 

To  determine  manganese  in  solutions  which  contain 
only  small  amounts  of  iron,  add  to  the  solution  of  the 
manganese,  which  should  not  contain  more  than  .25  gram 
manganese  in  100  cc.  of  solution,  25-30  grams  of  zinc  sul- 
phate and  acidify  with  a  few  drops  of  nitric  acid,  if  the  li- 
quid is  neutral.  Or,  first  neuiralize  w^ith  sodium  carbon- 
ate until  a  permanent  precipitate  is  formed,  then  acidify 
with  nitric  acid  and  heat  to  boiling,  t  Now  add  the  stand- 
ard permanganate,  until  the  pink  color  is  permanent. 

*  For  the  gravimetric  determination  of  manganese,  see  below, 
t  Ann.  Chem.  Phar.,  Vol.  198,  p.  318. 

X  The  oxidation  takes  place  even  in  neutral  solution,  if  the  materials- 
used,  especially  the  water,  are  free  from  organic  matter.  As  the  latter, 
even  in  small  amounts,  renders  the  neutral  solution  cloudy,  and  the 
end  reaction  difficult  to  see,  it  is  preferable  to  acidify. 
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In  the  presence  of  large  quantities  of  iron,  as  in  iron 
ores,  iron  and  steel,  the  iron  must  first  be  removed,  as  it 
hinders  the  formation  of  manganese  dioxide,  even  in  acid 
solution.  For  this  purpose,  Volhard  used  commercial 
zinc- white*  which  had  previously  been  ignited  in  a  Hes- 
sian crucible,  and  stirred  up  in  water,  after  cooling.  The 
zinc  oxide  is  separated  from  the  heavy  particles  and  pre- 
served in  a  flask  filled  with  water. 

If  zinc  oxide  is  added  in  excess  to  a  solution  contain- 
ing ferric  iron,  the  latter  is  precipitated  quantitatively. 
To  make  the  separation,  dissolve  from  3-4  grams  of  sider- 
ite  in  the  least  amount  of  hydrochloric  acid  necessary,  ox- 
idize the  solution  with  l^ydrogen  peroxide  or  potassium 
chlorate,  and  evaporate  to  dryness  on  the  water-bath. 
Dissolve  the  residue  in  warm  water,  with  the  addition  of 
dilute  sulphuric  acid,  rinse  the  solution  into  a  500  cc. 
flask,  neutralize  the  greater  part  of  the  free  acid  with  so- 
dium carbonate  or  sodium  hydroxide,  and  then  add  zinc 
oxide  stirred  up  in  water,  until  all  the  iron  is  separated. f 
The  precipitation  is  complete  when  the  dark  solution  of 
basic  ferric  salt  suddenly  coagulates,  and  the  supernatant 
solution  appears  milky.  Now  fill  the  flask  to  the  mark 
with  water,  allow  the  precipitate  to  settle,  filter  through  a 
dry,  folded  filter,  acidify  with  a  few  drops  of  nitric  acid, 
and  titrate  an  aliquot  part  (100-200  cc.)  with  permanga- 
nate, as  given  above. t 

*  [  Commercial  zinc  white  frequently  contains  small  amounts  of 
manganese.  It  may  be  purified  by  adding  an  excess  of  the  o^ide  to 
hydrochloric  acid,  precipitating  out  what  manganese  may  be  present  by 
the  addition  of  bromine,  filtering,  and  then  precipitating  the  zinc  from 
the  clear  solution  by  adding  ammonium  hydroxide,  carefully  avoiding 
an  excess.    Filter,  wash  thoroiighly  and  preserve  for  use.] 

t  The  neutralization  may  also  be  effected  with  zinc  oxide  alone. 

X  If  the  precipitate  is  allowed  to  completely  settle,  a  portion  may  be 
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According  to  Volhard's  statements,  the  pink  color  of 
the  end  reaction,  persists  on  standing  for  several  days,  or 
even  on  shaking  and  digesting  on  the  water-bath.  Mei- 
neke,  however,  as  a  result  of  a  number  of  experiments, 
claims  that  the  pink  color  soon  disappears,  and  that  on 
warming  the  solution,  decoloration  takes  place  with  an 
evolution  of  oxygen ;  so  that  under  some  conditions, 
nearly  30  %  additional  permanganate  may  be  necessary  to 
obtain  a  permanent  end  reaction.*  He  also  claims  that 
on  digesting  the  manganese  precipitate  with  dilute  acid 
on  the  water-bath,  it  dissolves  with  an  evolution  of  oxy- 
gen. Meineke,  therefore,  has  modified  Volhard's  method 
as  follows  : 

Dissolve  one  or  more  grams  of  the  ore,  according  to 
the  amount  of  manganese  present,  in  hydrochloric  acid, 
oxidize  witli  potassium  chlorate  if  the  iron  is  present  in 
the  ferrous  condition,  and  evaporate  the  excess  of  acid  on 
the  water-bath.  Neutralize  the  solution  as  given  under 
Volhard's  method.  In  the  meantime,  dissolve  25-30 
grams  of  zinc  sulphate  in  cold  water  in  a  500  cc.  flask,  and 
add  a  measured  quantity  of  potassium  permanganate  more 
than  sufficient  to  transform  the  manganese  into  MnOs.  To 
this  solution,  add  the  neutral  solution  containing  the  ex- 
cess of  zinc  oxide  and  the  iron  precipitate  in  suspension, 
agitate,  and  fill  the  flask  to  the  mark.  After  mixing,  filter 
through  asbestos.  Determine  the  excess  of  potassium 
permanganate  with  a  standard  solution  of  antimonous 

drawn*  off  with  a  pipette,  without  filtering.  The  error  due  to  the 
volume  of  the  precipitate,  may  be  neglected.  On  titration  in  the  pres- 
ence of  a  precipitate,  see  Analysis  of  Pig  Iron.  etc. 

*  These  observations  have  not  been  made  in  the  author's  laboratory. 
He  can  only  state  that  the  pink  coloration  due  to  the  permanganate, 
remains  for  several  hours,  so  that  the  end  reaction  can  be  deter- 
mined with  great  certainty. 
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chloride,  in  an  aliquot  portion  of  the  filtrate.  For  this 
purpose,  add  35  cc.  of  hydrochloric  acid  to  25  cc.  of  anti- 
monous  chloride  solution,  and  to  this  add  tlie  aliquot  por- 
tion of  the  filtrate  containing  the  potassium  permanga- 
nate. As  more  antimonous  chloride  was  used  than  was 
necessary  for  the  reduction  of  the  permanganate,  the  solu- 
tion still  contains  undecomposed  antimonous  chloride. 
This  may  be  titrated  back  with  standard  potassium  per- 
manganate solution. 

This  method  requires  standard  solutions  of  potassium 
permanganate  and  antimonous  chloride. 

Preparation  of  the  Permanganate  Solution.  (Vol- 
hard)  : 

If  exactly  3.833  grams  of  pure,  dry  potassium  per- 
manganate are  dissolved  in  one  liter  of  water,  1  cc.  of  the 
solution  corresponds  to  2  milligrams  of  manganese. 
As  distilled  water  usually  contains  substances  w^iich  re- 
duces the  permanganate,  a  greater  quantity  of  the  salt, 
about  3.85  grams  should  be  dissolved  in  a  liter,  and  after 
standing  for  about  8  days,  it  may  be  standardized.  This 
solution  may  be  used  for  other  purposes,  for  example,  the 
determination  of  iron. 

If  the  strength  of  the  solution  is  known  in  terms  of 
metallic  iron,  its  strength  in  terms  of  manganese  may  be 
obtained  by  multiplying  the  former  by  .2942* 

Volhard  prefers  to  standardize  the  permanganate  so- 
lution iodo metrically,  and  uses  a  solution  of  sodium  thic- 
sulphate  containing  30.061  grams  of  pure  crystallized  so- 
dium thicsulphote  in  a  liter.    1  cc.  of  this  solution  is 

*  10  FeO  -1-  Mn207  =  5Fe20i;  -)-  2iV[nO 

From  this  equation,  and  from  what  is  given  on  pag^e  114.  it  follows 
that,  10  Fe  (or  558.8):  3Mn  (or  164.4)  =  1 :  X, 
from  which,  X  =  0.2942. 
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equivalent  to  2  milligrams  of  manganese.  See  Volumet- 
ric Analysis  ;  Iodine  and  Sodium  Thiosulpliate. 

For  the  iodine  solution,  dissolve  1.5394  grams  of  dry, 
crystallized  iodine  in  potassium  iodide,  and  dilute  to  1  li- 
ter. 10  cc.  of  this  solution  are  reduced  by  1  cc.  of  the  so- 
dium thiosulpliate  solution. 

The  potassium  permanganate  may  be  standardized  as 
follows  :  Place  about  10  cc.  of  potassium  iodide  solution 
(5-6  grams  of  the  cr3^stallized  salt  in  water)  in  a  beaker, 
dilute  with  150-200  cc.  of  water,  and  add  about  5  cc.  of 
pure  hydrochloric  acid.  Stir,  and  add  drop  by  drop,  a 
measured  amount  (about  20  cc.)  of  the  potassium  per- 
manganate solution.  Now  reduce  the  liberated  iodine 
by  adding  an  excess  of  sodium  thiosulpliate,  and  deter- 
mine the  excess  of  the  latter  by  standard  iodine  solution. 

The  factor  of  the  permanganate  is  obtained  by  sub- 
tracting one-tenth  of  the  number  of  cubic  centimeters  of 
iodine  solution  used,  from  the  amount  of  thiosulpliate 
added,  and  dividing  this  quantity  by  the  number  of  cubic 
centimeters  of  iDermanganate  used. 

Potassium  permanganate  may  also  be  standardized 
with  equal  accuracy  and  much  more  simply,  by  using  me- 
tallic iron,  or  pure  oxalic  acid.*  If  oxalic  acid  is  used, 
one  part  by  weight  of  the  crystallized  acid  corresponds  to 
0.26157  parts  by  weight  of  manganese.! 

Preparation  of  the  Antimonous  Chloride  Solution, 
(Meineke)  : — An  antimonous  chloride  solution  of  any  arbi- 


*  See  Volumetric  Analysis:  Potassium  Permanganate  and  Ferrous 
Salts. 

t  5  [H2C2O4  .  2H2O]  -1-  Mn^O^  =  2MnO  -|-  10  CO^  -|-  15  HgO. 
From  this  equation,  and  from  what  is  given  on  page  114,  the  fol- 
lowing is  obtained:  5  [H^C^O^ .  2H2O]  (  or  628.5):  3Mn  (  or  164.4)  =  1  :  X, 
from  which  X  —  0.26157. 
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trary  strength  may  be  used,  as  it  is  only  necessary  to 
know  the  relation  existing  between  it  and  the  permangan- 
ate solution.  A  suitable  solution  may  be  obtained  by 
dissolving  about  15  grams  of  antimony  trioxide  in  300  cc. 
of  hydrochloric  acid,  Sp.  Gr.  1.19,  and  diluting  to  1  liter. 

Determine  the  relation  between  the  potassium  per- 
manganate and  antimonous  chloride  solutions  by  adding 
35  cc.  of  hydrochloric  acid  to  25  cc.  of  the  antimonous 
chloride  solution.  Titrate  with  potassium  permanganate 
to  the  end  reaction.  It  is  to  be  noted  that  the  pink  color 
of  the  permanganic  acid  soon  disappears. 

Gravimetric  Determination  of  Manganese,  Calcium, 
and  Magnesium  : — The  determination  of  these  elements 
requires  the  previous  separation  of  the  iron,  which  must 
be  present  in  solution  in  the  ferric  condition,  Any  one  of 
the  following  three  methods  may  be  used  for  separating 
the  iron.  , 

Separation  of  the  Iron  as  Basic  Carbonate  : — Dissolve 
a  weighed  amount  (1.5-2.0  grams)  of  the  dried  ore  in  hy- 
drochloric acid,  with  the  addition  of  a  little  nitric  acid  or 
hydrogen  peroxide.  Cool  the  solution,  dilute^,  add  an  ex- 
cess of  ammonium  chloride,  neutralize  the  greater  part 
of  the  free  acid  with  ammonium  hydroxide  and  then  add 
a  dilute  solution  of  ammonium  carbonate.  The  precipitate 
produced  by  the  latter  reagent  at  first,  dissolves  on  stir- 
ring the  solution.  Add  more  ammonium  carbonate,  drop 
by  drop,  until  there  is  a  very  slight  permanent  precipitate 
on  standing.  If  too  much  of  the  ammonium  carbonate 
has  been  added,  dissolve  with  a  few  drops  of  acetic  acid, 
using  no  more  of  the  latter  than  is  necessary  to  dissolve 

*  The  separation  from  manganese  is  complete  only  when  there  is 
not  more  than  3  to  4  grams  of  ferric  iron  in  a  liter  of  the  solution. 
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the  precipitate.  Now  boil  the  solution  as  long  as  carbon 
dioxide  is  evolved.  The  basic  ferric  carbonate  precip- 
itated settles  quickly  and  may  be  washed  with  hot  water 
by  decantation.  Add  a  few  drops  of  ammonium  hydrox- 
ide to  the  wash  water. 

If  the  solution  was  not  exactly  neutral,  or  if  too  much 
acetic  acid  was  used  to  dissolve  the  precipitate,  part  of  the 
iron  may  remain  in  solution.  This  may  be  detected  by 
the  yellow  color  of  the  supernatant  liquid. 

In  this  case,  add  ammonium  hydroxide  drop  by  drop, 
to  weak  alkaline  reaction*  and  allow  the  precipitate  to 
settle. 

Separation  of  the  Iron  as  Basic  Acetate  : — Dilute  the 
solution  containing  the  iron  in  the  ferric  condition,  ex- 
actly neutralize  with  sodium  carbonate  as  given  above, 
add  about  2-3  grams  of  sodium  acetate,  and  heat  to  boil- 
ing!.    Proceed  as  given  above. 

Separation  of  the  Iron  as  Basic  Sulphate.];  Neutralize 
tlie  solution  containing  the  ferric  iron  with  sodium  car- 
bonate, and  then  add  1-1.5  times  as  much  crystallized  so- 
dium sulphate  as  there  is  iron  present.    The  precipitate 

*  An  excess  of  ammonium  hydroxide  should  be  avoided,  otherwise 
manganese  hydroxide  may  be  precipitated  on  standing. 

t  A  neutral  solution  of  ferric  iron  reacts  with  sodium  acetate  to 
form  ferric  acetate,  which  on  boiling  decomposes  into  insoluble  basic 
ferric  acetate  and  free  acetic  acid.  This  is  not  the  case  with  man- 
ganous  salts.    The  reaction  is  as  follows: 

FcaCle  -I-  6  Na  (C2H3O2)  =  6NaCl  -|-  Fe2(C2H302)6  , 

Then, 

Fe^  (C.-RA),  -h  4H,0  =  Fe,  (OH) ,  {C.UA) ,  -|-  iC,U,0,  . 
Similarly,  under  definite  conditions,  neutral  solutions  containing  a 
carbonate  are  decomposed  by  boiling,  into  basic  carbonate,  or  in  the 
presence  of  a  sulphate,  into  a  basic  sulphate.  If  phosphoric  acid  is 
present  in  the  solution,  it  is  precipitated  with  the  iron.  In  this  case  the 
precipate  is  a  mixture  of  basic  acetate  and  phosphate. 

X  Kessler,  Zeit.  f.  anal.  Chem.,  Vol.  18,  p.  1.  et  seq. 
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settles  out  completely  if  left  to  stand  for  some  time  in  a 
cool  place.  Filter,  and  wash  with  warm  water.  Add  a 
few  drops  of  hydrochloric  acid  to  the  filtrate,  concentrate 
to  about  250  cc,  and  separate  the  manganese  as  man- 
ganous  sulphide. 

The  precipitation  must  be  made  in  a  closed  flask  to 
prevent  the  calcium  from  being  precipitated  by  the  carbon 
dioxide  of  the  air.  After  precipitation,  fill  the  flask 
with  boiled  water,  stopper  and  allow  to  stand  for  12  hours. 
As  ammonium  sulphide  which  has  stood  for  some  time 
contains  a  large  amount  of  ammonium  thiosulphate,  which 
causes  a  precipitation  of  calcium  thiosulphate,  a  freshly 
prepared  solution  should  be  used. 

Acidify  the  filtrate  from  the  manganous  sulphide  with 
hydrochloric  acid,  warm  until  the  liquid  is  clear,  and  then 
filter  out  the  sulphur.  Make  the  solution  alkaline  with 
ammonium  hydroxide,  and  precipitate  the  calcium  as  cal- 
cium oxalate.  Precipitate  the  magnesium  as  ammonium- 
magnesium  phosphate  in  the  filtrate  from  the  calcium. 

If  the  iron  has  been  separated  from  manganese  with 
sodium  acetate,  the  manganese  may  also  be  precipitatec^ 
with  hydrogen  peroxide.  Add  5-10  cc.  of  hydrogen  per- 
oxide to  the  hot  filtrate,  supersaturate  with  ammonium 
hydroxide,  and  stir.  Filter,  wash  the  precipitate,  and  ig- 
nite to  MnsOi,  or,  add  a  few  drops  of  sulphuric  acid  and 
ignite  to  MnS04. 

The  manganese  may  also  be  oxidized  by  bromine  in- 
stead of  hydrogen  peroxide.  It  is  most  expedient  to  pass 
air  saturated  with  bromine  vapor  through  the  solution 
containing  free  acetic  acid.  Treat  the  precipitate  as  given 
above.  The  carbon  dioxide  may  be  determined  as  given 
on  page  56. 
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RED  HEMATITE. 

The  Mineral,  if  pure,  consists  of  Ferric  Oxide,  Water 
and  Insoluble  Matter.  It  generally  contains,  however, 
appreciable  amounts  of  Manganous  Oxide,  Copper  Oxide, 
Alumina,  Calcium  and  Magnesium  Oxides,  and  Phos- 
phoric and  Titanic  Acids. 

If  the  mineral  contains  only  the  first  mentioned  con- 
stituents, the  ferric  oxide  may  be  determined  as  follows  : 
Finely  pulverize  and  dry  the  substance  at  100°  C,  dis- 
solve about  .2-. 3  gram  in  strong  hydrochloric  acid  and  de- 
termine the  ferric  oxide  exactly  as  given  under  Siderite, 
page  111.* 

Another  method  of  determining  the  iron  volumetri- 
cally,  which  requires  the  iron  to  be  present  in  the  ferric 
condition,  is  based  upon  the  reduction  of  ferric  chloride  to 
ferrous  chloride  by  a  standard  solution  of  stannous  chlo- 
ride. See  Volumetric  Analysis  :  Potassium  Permanganate 
and  Ferrous  Salts. 

The  mineral  should  be  dissolved  in  a  large  flask  to 
avoid  volatilization  of  ferric  chloride. 

According  to  Hempel,  iron  ores  are  not  always  com- 
pletely decomposed  by  digestion  with  hydrochloric  acid  ; 
the  residue  must  therefore  be  fused  with  sodium  carbon- 
ate, the  fused  mass  dissolved  in  dilute  hydrochloric  acid, 
and  this  solution  added  to  the  main  solution.  Hempel 
avoids  this  operation  by  mixing  about  .3  gram  of  the 
finely  pulverized  ore  with  .4  gram  of  sodium  carbonate 

*  If  titanic  acid  is  present  in  the  solution,  the  reduction  of  the  iron 
with  zinc  also  reduces  the  titanic  acid,  giving-  the  solution  a  bluish- 
violet  color.  In  such  a  case,  the  iron  can  be  determined  with  perman- 
ganate or  stannous  chloride  only  after  previous  separation  of  the  titanic 
acid.  Otherwise  the  results  for  iron  will  be  too  high  See  Determina- 
tion of  Titanic  Acid. 
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and  .2  gram  of  precipitated  calcium  carbonate,  and  fusing, 
after  mixing  in  an  agate  mortar.  Any  ferrous  iron  pres- 
ent is  oxidized  to  ferric,  and  the  total  iron  may  be  titrated 
with  stannous  chloride.  Ignite  the  mixture  in  a  platinum 
crucible  for  about  half  an  hour,  with  access  of  air.  After 
cooling,  dissolve  the  fuse  in  concentrated  hydrochloric 
acid  and  titrate. 

When  the  ore  is  fused  with  sodium  carbonate,  man- 
ganese, if  present,  forms  sodium  manganate.  The  latter 
can  sometimes  be  detected  by  the  green  color  of  the  fused 
mass.  When  manganese  is  present,  the  hydrochloric  acid 
solution  must  be  boiled  in  a  large  flask  until  all  chlorine 
is  expelled.  Manganese  is  then  present  as  manganous 
chloride. 

Determination  of  Insoluble  Matter,  Alumina,  Man- 
ganese and  Copper  : — Dissolve  a  sample  of  the  mineral  in 
hydrochloric  acid,  remove  the  excess  of  acid  by  evapor- 
ation, dilute  with  water  and  filter  out  the  insoluble  mat- 
ter. Precipitate  the  copper  as  cuprous  sulphide,  by  pass- 
ing liydrogen  sulphide  through  the  filtrate.  Treat  the 
copper  sulphide  as  given  on  page  64. 

Remove  the  hydrogen  sulphide  by  boiling  the  solu- 
tion, oxidize  with  hydrogen  peroxide  or  nitric  acid,  and 
separate  the  iron  from  the  manganese,  etc.,  according  to 
one  of  the  methods  given  under  Siclerite. 

The  iron  precipitate  contains  all  the  alumina  and 
phosphoric  acid.  To  determine  the  alumina  in  the  precip- 
itate, proceed  as  follows  :  Dissolve  the  precipitate  in  hot 
hydrochloric  acid,  and  pour  the  solution  into  a  boiling  so- 
lution of  1  part  sodium  hydroxide  (prepared  from  sodium) 
and  2  parts  water,  in  a  platinum  dish. 

On  boiling,  the  aluminum  hydroxide  dissolves,  while 
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the  ferric  hydroxide  and  ferric  phosphate  remain  undis- 
solved. The  alumina  may  be  precipitated  in  the  filtrate  by 
ammonium  hydroxide,  after  acidifying  with  hydrochloric 
acid. 

The  manganese,  calcium,  and  magnesium,  may  now 
be  determined  in  the  filtrate,  as  given  under  Siderite. 

For  the  determination  of  phosphoric  acid,  dissolve 
about  5  grams  of  the  ore  in  hydrochloric  acid,  filter  off 
the  insoluble  matter,  and  evaporate  to  dr3mess. 

Moisten  the  residue  with  nitric  acid,  and  precipitate 
with  ammonium  hydroxide.  Dissolve  the  precipitate  in 
warm  nitric  acid,  and  separate  the  phosphoric  acid  with 
ammonium  molybdate. 

Sulphuric  acid  may  be  determined  by  fusing  a 
weighed  sample  of  the  ore  with  an  equal  weight  of  potas- 
sium-sodium carbonate.  Extract  the  fused  mass  with 
water,  filter,  and  wash  the  residue  with  water  containing 
a  little  sodium  carbonate.  Acidify  the  filtrate  with  hy- 
drochloric acid,  evaporate  to  dryness,  and  heat  for  some 
time  on  the  water-bath.  Add  dilute  hydrochloric  acid, 
warm,  dilute  with  water,  and  filter  out  the  silica.  Pre- 
cipitate the  sulphuric  acid  in  the  filtrate,  with  barium 
chloride.  The  sulphuric  acid  may  also  be  determined  di- 
rectly in  the  hydrochloric  or  nitric  acid  solution  of  the 
ore,  according  to  the  method  given  under  Ferrous  Sul- 
phate, page  24. 

To  determine  the  titanic  acid*,  dissolve  a  weighed 
sample  of  the  ore  in  hydrochloric  acid,  evaporate  to  dry- 
ness and  separate  the  silica.  Digest  the  residue  with  di- 
lute hydrochloric  acid,  filter  out  the  silica  and  insoluble 
matter,  and  wash  it  with  dilute  hydrochloric  acid.  The 
*  [Compare  the  method  g'iven  under  Magnetite.] 
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filtrate  contains  all  the  titanic  acid.  Add  ammonium  hy- 
droxide in  slight  excess,  filter  out  the  precipitate  consist- 
ing of  ferric  hydroxide,  titanic  acid,  etc.,  and  wash  it 
with  hot  water.  Dry  and  pulverize  the  precipitate,  mix 
it  with  several  times  its  weight  of  potassium  bisulpliate, 
and  fuse  for  some  time  in  a  platinum  crucible.  Allow 
the  fused  mass  to  cool,  dissolve  it  in  cold  water,  and  re- 
duce the  iron  either  by  hydrogen  sulphide  or  sulphur  di- 
oxide. When  the  liquid  is  colorless,  heat  to  boiling  and 
pass  carbon  dioxide  through  the  boiling  solution,  replacing 
the  water  as  it  evaporates.  This  precipitates  the  titanic 
acid.  Filter  out  the  precipitate,  wash  it  with  water,  and 
ignite,  after  adding  a  little  solid  ammonium  carbonate. 
Weigh  as  Ti02. 

The  iron  and  titanium  may  also  be  separated  by  a 
method  proposed  by  the  author.*  The  separation  depends 
on  the  behavior  of  titanic  acid  toward  hydrogen  peroxide 
in  the  presence  of  an  excess  of  potassium  hydroxide.  Dis- 
solve the  ore  in  hydrochloric  acid,  and  precipitate  as  usual 
with  ammonium  hydroxide.  Dissolve  the  precipitate  of 
ferric  hydroxide  and  titanic  acid  in  hydrochloric  acid,  add 
about  50  cc,  of  hydrogen  peroxide,  25  cc.  of  potassium  hy- 
droxide, Sp.  Gr.  1.50,  dilute  to  500-1000  cc,  according  to 
the  amount  of  the  precipitate  and  then  allow  the  ferric  hy- 
droxide to  settle.  The  titanium  remains  in  solution.  As 
the  iron  precipitate  clogs  the  pores  of  the  filter  and  hin- 
ders the  filtration,  it  is  desirable  to  dilute  the  solution  to 
a  definite  volume.  Pour  into  a  beaker,  allow  to  settle, 
and  then  siphon  off  and  filter  an  aliquot  part ;  if  only  *a 
small  amount  of  ferric  hydroxide  is  precipitated,  the  solu- 


*  Ber.  deutsch,  Chem.  Gesell,  1888,  p.  370. 
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tion  may  be  filtered  directly.  Wash  the  precipitate  with  a 
mixture  of  hydrogen  peroxide  and  potassium  hydroxide  in 
water  (about  10%),  and  continue  the  washing  until  a  few 
cc.  of  the  filtrate  does  not  appear  yellow  when  acidified 
with  hydrochloric  acid.  Heat  the  alkaline  filtrate  con- 
taining the  titanium,  in  a  covered  dish  on  the  water-bath, 
to  destroy  the  excess  of  hydrogen  peroxide.  Any  yellow 
precipitate  w^iich  settles  out  at  this  point,  consists  of  ti- 
tanium trioxide  mixed  with  titanic  acid.  When  the  evo- 
lution of  gas  has  ceased,  acidify  with  hydrochloric  or  ni- 
tric acid,  heat  until  the  yellowish-red  solution  is  entirely 
colorless,  and  add  ammonium  hydroxide  in  very  slight  ex- 
cess. 

Filter  out  the  precipitated  titanic  acid,  wash  it  with 
hot  water,  ignite,  and  weigh  as  TiO'i. 

The  iron  may  be  deterjnined  in  the  precipitate  pro- 
duced by  potassium  liydroxide,  by  dissolving  in  the  least 
amount  of  sulphuric  acid  necessaiy,  transforming  it  into 
iron-ammonium  oxalate  aiid  then  electrolizing  the  solu- 
tion.* Pure  metallic  iron  is  obtained.  If  the  ferric  hy- 
droxide was  not  perfectly  free  from  titanic  acid  or  alu- 
mina, they  will  be  in  suspension  in  the  solution,  as  titanic 
acid  or  aluminium  hydroxide.  If  the  iron  solution  or  the 
hydrogen  peroxide  contains  silica,  the  latter  passes  more 
or  less  into  the  titanium  procipitate.  This  may  be  re- 
moved by  moistening  the  ignited  precipitate  with  dilute 
sulphuric  acid,  adding  hydrochloric  acid,  and  evaporating 
to  dryness.    Re-ignite,  and  w^eigli  as  Ti02. 

In  determining  moisture  in  Hematites  which  contain 
carbonates,  it  should  be  noted  that  the  water  cannot  be 
determined  by  'loss  on  ignition,'  but  must  be  determined 
by  direct  weighing.    See  page  61. 

*  See:  Foot  Note,  p.  1. 
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LIMONITE. 

Constitutents  :  Hydrated  Ferric  Oxide,  together  with 
Manganous  Oxide,  Alumina,  Calcium  and  Magnesium 
Oxides,  Phosphoric  Acid,  Silica,  Sulphuric  Acid,  Titanic 
Acid  and  Insoluble  Matter. 

The  analysis  may  be  made  exactly  as  given  under 
Siderite,  or  Hematite. 

If  it  is  desired  to  make  special  determinations  of  silica 
and  insoluble  matter,  proceed  as  follows  :  Boil  the  insolu- 
ble residue  obtained  as  given  above,  for  some  time  in  a 
platinium  dish  with  sodium  carbonate  to  which  has  been 
added  a  little  pure  potassium  hydroxide.  Filter  off  the 
undissolved  residue  on  a  dried  and  weighed  filter.  Wash, 
first  with  hot  water,  then  with  dilute  hydrochloric  acid 
and  finally  with  pure  water.  Dry  the  residue  at  100^  C, 
to  constant  weight.  Acidify  the  filtrate  containing  the 
silica,  with  hydrochloric  acid,  and  evaporate  to  dryness. 
Moisten  the  perfectly  dry  residue  witli  hydrochloric  acid, 
dilute  with  water,  and  filter  out  the  silica.  After  washing 
with  hot  water,  ignite  strongly  in  a  platinum  crucible,  and 
weigh  as  SiO'2. 

The  water  may  be  determined  by  ignition,  or,  if  car- 
bonates are  present,  according  to  the  method  given  on 
page  62. 

CLAY  IRON  ORE. 

Ferric  Oxide,  Alumina  and  Water. 

If  the  mineral  is  completely  decomposable  by  hydro- 
chloric acid,  i.  e.,  if  the  argillaceous  residue  is  free  from 
iron  after  digestion  with  acid,  the  iron  can  best  be  deter- 
mined volumetrically.  See  Volumetric  Analysis,  Oxida- 
tion and  Reduction. 
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Filter  out  the  insoluble  residue,  wash  it  with  water, 
ignite  and  weigh. 

If  the  material  is  not  decomposable  by  acid,  it  must 
be  decomposed  by  fusion.  Mix  the  finely  pulverized  sub- 
stance witli  4-5  times  its  weight  of  sodium  carbonate,  or  a 
mixture  of  5  parts  of  sodium  carbonate  and  7  parts  of  po- 
tassium carbonate,  and  heat  until  in  quiet  fusion.  After 
cooling,  dissolve  the  fused  mass  in  hydrochloric  acid  and 
determine  the  iron  volu metrically  with  stannous  chloride. 

Alumina,  calcium  and  magnesium  oxides  may  be  de- 
termined as  given  under  Siderite. 

Determine  the  water  by  igniting  a  sample  of  the  dry 
material. 

MAGNETITE. 

Ferric  and  Ferrous  Oxides,  (Titanic  Acid). 

The  analysis  may  be  executed  in  various  ways. 

First  Method  : — Dissolve  a  weighed  sample  of  the  very 
tinel}^  pulverized  mineral  in  hydrochloric  acid,  in  an  at- 
mosphere of  carbon  dioxide,  and  determine  the  ferric  iron 
with  stannous  chloride.  Dissolve  a  second  portion  of  the 
substance  in  hydrochloric  acid,  with  the  addition  of  a  little 
potassium  chlorate,  and  determine  the  total  iron  by  precip- 
itating with  ammonium  hydroxide  and  igniting  to  ferric 
oxide. 

Second  Method  : — Dissolve  a  sample  in  an  atmosphere 
of  carbon  dioxide,  determine  the  ferrous  iron  with  per- 
manganate, and  then  the  total  iron,  in  the  same  solution, 
with  stannous  chloride.  Or,  after  determining  the  fer- 
rous iron  with  permanganate,  the  total  iron  may  be  re- 
duced with  zinc  and  then  titrated  with  permanganate. 
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The  ferric  iron  may  then  be  calculated  from  the  second 
addition  of  permanganate. 

Or,  determine  the  ferrous  iron  with  permanganate  in 
a  weighed  sample,  and  the  ferric  iron  with  stannous  chlo- 
ride in  a  second  weighed  sample. 

See  pages  122,  and  124,  for  the  determination  of  ti- 
tanic acid  and  its  influence  on  tlie  volumetric  determina- 
tion of  iron.  See  the  analysis  of  Siderite  and  Hematite, 
for  the  determination  of  other  constituents  that  may  be 
contained  in  the  Magnetite. 

[Gooch's  Gravimetric  Method  for  Titanium: — After 
removing  the  silica,  the  next  step  is  to  remove  the  iron. 
This  is  best  done  by  adding  tartaric  acid,  reducing  the 
iron  with  hydrogen  sulphide,  then  adding  ammonium  hy- 
droxide until  alkaline  and  precipitating  the  iron  with  am- 
monium sulphide.  If  the  iron  is  not  thus  reduced  before 
precipitation,  titanium  will  be  in  part  thrown  down  also. 
The  amount  of  tartaric  acid  necessary,  depends  upon  the 
amount  of  oxides  to  be  held  in  solution,  and  3  times 
this  weight  is  ample.  Filter  out  the  ferrous  sulphide,  and 
destroy  the  tartaric  acid  as  follows  : 

Potassium  permanganate  to  the  extent  of  two  and  one- 
half  times  the  weight  of  the  tartaric  used  is  made  into  a 
strong  solution,  and  to  the  ammoniacal  filtrate  from  the 
iron  sulphide  enough  sulphuric  acid  is  introduced  to  leave 
some  excess  after  all  the  permanganate  has  been  reduced. 
After  expulsion  of  the  hydrogen  sulphide  by  boiling,  the 
permanganate  is  added  gradually  to  the  hot  solution  con- 
tained in  a  large  beaker  or  flask.  A  vigorous  reaction  en- 
sues. When  a  permanent  brown  precipitate  of  manganic 
hydroxide  appears,  the  tartaric  acid  has  been  fully  decom- 
posed ;  dissolve  the  precipitate  w^ith  a  few  drops  of  ammo- 
nium bisulphite  or  of  sulphurous  acid  solution. 
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Ammonium  hydroxide  is  then  added  in  slight  excess, 
followed  at  once  by  acetic  acid  in  considerable  excess,  and 
the  boiling  is  continued  for  a  few  minutes.  Thereby  the 
titanium  is  freed  from  most  of  the  alumina,  and  from  cal- 
cium and  magnesium  if  they  had  not  been  earlier  removed, 
also  from  most  of  the  manganese  introduced.  Filter,  and 
wash  with  water  containing  acetic  and  sulphurous  acids, 
then  ignite,  fuse  with  sodium  carbonate  and  leach  with 
water,  to  remove  phosphoric  acid  and  most  of  the  remain- 
ing alumina.  The  residue  is  again  ignited  and  fused  with 
sodium  carbonate.  Allow  the  fused  mass  to  cool,  add  sul- 
phuric acid  to  the  crucible  and  warm  until  the  fuse  dis- 
solves. Pour  the  solution  into  a  small  volume  of  cold  wa- 
ter, heat  nearly  to  boiling  and  precipitate  the  small 
amount  of  platinum  with  hydrcgen  sulphide. 

After  filtering  and  cooling,  add  ammonium  hydroxide 
until  the  titanium  is  just  precipitated,  and  then  add  a 
measured  volume,  containing  a  known  weight,  of  sul- 
phuric acid — just  enough  to  redissolve  the  precipitate. 
The  solution  is  then  made  up  with  acetic  acid  in  such 
amount  that  the  final  bulk  shall  contain  from  7  to  11  %  of 
absolute  acid,  and  then  enough  solid  sodium  acetate  is 
stirred  in  to  more  than  take  up  the  sulphuric  acid  intro- 
duced. Upon  rapidly  bringing  the  solution  to  boiling,  the 
titanium  is  precipitated  in  a  flocculent  and  easily  filter- 
able condition,  and  the  precipitation  is  complete  after  a 
minute's  boiling,  provided  all  the  prescribed  conditions 
have  been  followed,  and  zirconium  is  absent. 

Filter,  wash  the  precipitate  with  7%  acetic  acid,  and 
then  with  hot  water.  After  15-20  minutes  ignition  over  a 
good  burner,  cool  and  weigh.    For  large  amounts  of  ti- 
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tanium,  the  sodium  carbonate  fusion  should  be  repeated. 
Compare:  Hillebrand,  Bull.  U.  S.  Geol.  Surv.,  No.  176, 
p.  71.] 

BOG  IRON  ORE. 

The  constituents  are  :  Hydrated  Ferric  Oxide,  Ferric 
and  Ferrous  Silicates.  Manganous  Oxide,  Alumina,  (Cop- 
per Oxide),  Calcium  and  Magnesium  Oxides,  Sulphuric 
Acid,  Phosphoric  Acid,  Arsenic  Acid,  Organic  Matter  and 
Sand. 

The  method  of  analysis  follows  from  the  preceding 
analysis  of  Siderite  and  Hematite.  It  is  convenient  to  use 
a  separate  sample  for  the  determination  of  arsenic  acid. 
Use  Fischer's  modified  method  as  given  on  page  91.  The 
residue  in  the  distilling  flask  may  be  used  for  the  deter- 
mination of  copper.  Dilute  with  water,  saturate  with  hy- 
drogen sulphide,  and  ignite  the  precipitated  cuprous  sul- 
phide in  a  current  of  hydrogen. 

The  moisture  cannot  be  determined  accurately,  either 
by  ignition  or  absorption,  as  the  hydrogen  from  the  or- 
ganic matter  is  oxidized  to  water  by  the  lead  dioxide. 

The  moisture  and  the  organic  matter  may  be  deter- 
mined together  by  drying  a  sample  over  sulphuric  acid 
and  then  igniting  in  a  platinum  crucible. 

PYROLUSITE. 

The  naturally  occurring  Ore  is  a  mixture  of  Manga- 
nese Dioxide,  H37^drated  Manganese  Oxide,  Ferric  or  Fer- 
rous Oxide,  Quartz,  Clay,  Calcite,  etc. 

The  commercial  value  of  the  ore  depends  solely  upon 
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the  presence  of  those  oxides  which  will  liberate  chlorine. 

The  moisture  may  be  determined  by  drying  a  weighed 
sample  of  the  ore  at  120°  C,  to  constant  weight.  The 
drying  may  be  considerably  hastened  by  heating  the  sam- 
ple in  a  metallic  dish  and  stirring  with  a  thermometer  un- 
til the  temperature  reaches  110°  C.  (Mohr).  As  the  dried 
ore  quickly  re-absorbs  moisture  from  the  air,  the  sample 
should  be  placed  in  a  bottle  with  a  ground  glass  stopper 
before  cooling.    Use  the  dried  mineral  for  the  analysis. 

Various  methods  have  been  proposed  for  the  deter- 
mination of  manganese  dioxide  in  Pyrolusite.  Only  those 
methods  that  have  come  into  general  use  will  be  given  here. 

Bunsen's  Method  : — If  manganese  dioxide  is  warmed 
with  hydrochloric  acid,  manganous  chloride  and  chlorine 
are  formed  : 

Mn02  +  4  HCl      MnCl2  -j-  2  CI  +  2  H2O. 

By  passing  the  liberated  chlorine  into  a  solution  of 
potassium  iodide,  an  equivalent  amount  of  iodine  is  liber- 
ated and  the  latter  may  then  be  determined  with  sodium 
thiosulphate.  See  Volumetric  Analysis ;  Sodium  Thio- 
sulphate  and  Iodine  Solution. 

Proceed  exactly  according  to  the  method  given  under 
the  above  section  of  Volumetric  Analysis,  and  use  the  ap- 
paratus shown  there,  for  the  decomposition  of  the  pyrolu- 
site. In  the  calculation,  it  should  be  remembered  that^ 
2  I      2  CI  =  Mn02. 

Fresenius'  and  Will's  Method  : — Manganese  dioxide 
in  the  presence  of  oxalic  acid  and  excess  of  sulphuric  acid, 
decomposes  as  follows  : 

Mn02  +  H2C2O4  -h  H2SO4  =  MnS04  +  2  CO2  +  2H2O. 

One  molecule  of  manganese  dioxide  thus  corresponds 
to  two  molecules  of  carbon  dioxide. 
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Use  2-4  grams  of  the  ore  tor  the  determination,  ac- 
cording to  its  richness,  and  use  the  apparatus  shown  in 
Fig  27. 

A,  is  a  small  flask  of  about  150  cc.  capacity,  b,  a  tube 
filled  with  glass  beads  and  c,  a  U-tube  filled  with  calcium 
chloride.  The  glass  tube  d,  should  reach  almost  to  the 
bottom  of  the  flask,  and  is  closed  on  the  upper  end  with  a 
piece  of  rubber  tubing  and  a  short  piece  of  glass  rod. 

After  placing  the  weighed  sample 
of  pyrolusite  in  the  flask  A,  add  about 
50  cc.  of  water,  4-5  cc.  of  concentrated 
sulphuric  acid  and  then  quickly  insert 
the  stopper  with  the  absorption  tubes. 
If  the  pyrolusite  contains  carbonates, 
these  will  be  decomposed  by  the  sul- 
phuric acid.  In  this  case,  remove  the 
tube  d  from  the  liquid,  and  replace  the 
carbon  dioxide  in  the  flask  with  air, 
by  suction  on  the  tube  d.  When  the 
carbon  dioxide  is  all  removed,  weigh. 
(Mohr). 

4-5  grams  of  crystallized  oxalic  acid  will  be  suffi- 
cient for  the  decomposition  of  3  grams  of  pyrolusite. 

After  the  apparatus  has  been  weighed,  quickly  add 
the  necessary  amount  of  oxalic  acid  to  the  flask  and  stop- 
per at  once.  The  carbon  dioxide  evolved  is  completely 
dried  by  the  sulphuric  acid  adhering  to  the  glass  beads,  as 
well  as  by  the  calcium  chloride  in  the  tube  c.  When  the 
evolution  of  gas  has  almost  ceased;  warm  the  flask  until 
the  action  is  complete. 

Cool  the  apparatus,  remove  the  cap  from  tube  d,  re- 
place the  carbon  dioxide  in  the  flask  with  air  by  suction 
on  the  tube  c,  and  weigh  the  apparatus  again. 


Fig. 
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Third  Method  : — The  following  method,  known  as  the 
'Iron  Test/  is  used  quite  extensively  in  England  for  the 
valuation  of  manganese  ores. 

The  method  depends  upon  the  following  facts  :  When 
manganese  dioxide  is  w^armed  with  hydrochloric  acid, 
manganous  chloride  and  chlorine  are  formed.  If  the  lib- 
erated chlorine  is  allow^ed  to  act  on  a  ferrous  salt,  a  cor- 
responding amount  of  ferric  salt  is  formed.  One  molecule 
of  MnO-i  changes  2  molecules  of  a  ferrous  salt  to  ferric 
salt  : 

MnO^  +  4HC1  =  MnCl2  -f  201  +  2H,0  ; 
2FeC1.2  +  201  =  Fe,C\,. 
If  a  definite  amount  of  iron  in  the  form  of  ferrous- 


Fig.  28. 


ammonium  sulphate,  FeS04.(NH)2S04  +  6H2O,  is  used, 
it  is  only  necessary  to  titrate  the  unoxidized  ferrous  salt 
with  potassium  permanganate,  to  determine  the  amount 
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of  manganese  dioxide  in  the  ore.  See  Volumetric  Analy- 
sis. 

Use  the  apparatus  shown  in  Fig.  28. 

A  and  B  are  2  small  flasks  connected  with  a  glass  tube 
bent  twice  at  right  angles.  The  flask  B  is  partly  filled 
with  water,  or  preferably  with  a  solution  of  sodium  car- 
bonate, and  the  glass  tube  should  reach  almost  to  the  bot- 
tom. Place  the  weighed  amount  of  ferrous-ammonium 
sulphate  in  the  flask  A,  add  hydrochloric  acid,  connect ihe 
two  flasks  and  warm.  When  the  salt  is  in  solution,  re- 
move the  stopper  from  the  flask  A,  and  quickly  add 
0.5-0.6  gram  of  the  pyrolusite  in  a  small  tube,  and  stop- 
per the  flask  at  once.  Warm  until  a  clear,  yellow  solution 
is  obtained.  Remove  the  flame,  and  the  water  or  the  so- 
dium carbonate  solution  soon  sucks  back  from  B  into  A, 
and  cools  the  contents  of  the  flask.  The  unoxidized  fer- 
rous iron  may  now  be  titrated  with  potassium  permanga- 
nate. 

PSILOMELANE. 

Constituents  :  Manganous  Oxide,  Copper  Oxide,  Fer- 
ric Oxide,  Alumina,  Nickelous  Oxide,  Cobaltous  Oxide, 
Barium  and  Calcium  (Magnesium)  Oxides,  Potassium, 
Sodium  and  Lithium  Oxides,  and  Water. 

For  a  complete  analysis,  dissolve  a  weighed  amount 
of  the  mineral  in  hydrochloric  acid,  and  remove  the  excess 
of  acid  by  evaporation.  Precipitate  the  barium  as  sul- 
phate with  dilute  sulphuric  acid,  and  then  precipitate  the 
copper  in  the  flltrate  by  passing  hydrogen  sulphide. 

Boil  the  filtrate  from  the  cuprous  sulphide  to  expel 
the  hydrogen  sulphide,  and  then  oxidize  the  ferrous  iron 
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with  hydrogen  peroxide  or  nitric  acid.  Precipitate  the 
iron  and  aluminum  as  basic  carbonates  or  acetates,  as 
given  on  page  119.  The  precipitate  should  be  dissolved 
in  hydrochloric  acid  and  reprecipitated  with  ammonium  hy- 
droxide. The  iron  and  aluminum  may  be  separated  with 
sodium  hydroxide  as  given  on  page  123. 

Concentrate  the  filtrate  if  necessary,  and  add  yellow 
ammonium  sulphide  in  slight  excess.  When  the  sulphides 
of  manganese,  cobalt  and  nickel  have  settled,  filter,  and 
wash  with  water  containing  hydrogen  sulphide  ;  the  pre- 
cipitate should  not  be  exposed  to  the  air  more  than  neces- 
sary. Set  the  filtrate  aside,  pierce  the  point  of  the  filter 
and  wash  the  precipitate  as  much  as  possible  into  a  porce- 
lain dish.  Separate  the  sulphides  of  manganese,  cobalt 
and  nickel,  by  treating  them  with  a  1  part  hydrochloric 
acid,  Sp.  Gr.  1.12,  and  6  parts  hydrogen  sulphide  water. 
Warm  on  the  water-bath,  filter  quickly,  and  wash  the  res- 
idue with  hydrogen  sulphide  water  to  which  has  been 
added  a  few  drops  of  hydrochloric  acid.  All  of  the  man- 
ganese is  in  the  filtrate  and  may  be  precipitated  and  de- 
termined as  given  on  page  38*. 

Roast  the  sulphides  of  cobalt  and  nickel,  which  were 
insoluble  in  hydrochloric  acid,  with  access  of  air,  and  then 
reduce  the  oxides  in  a  current  of  hydrogen.  The  amount 
of  nickel  is  generally  too  slight  to  determine  separately  ; 
if  it  is  desired  to  make  the  separation,  however,  the  potas- 
sium nitrite  method  may  be  used. 

Jannasch  separates  manganese  from  nickel  and  cobalt 
as  follows  :  Dissolve  the  sulphides  of  the  3  metals  in  hy- 
drochloric acid,  expel  the  excess  of  acid  by  evaporation, 


*  For  the  volumetric  determination  of  manganese  in  the  presence  of 
other  metals,  see  Siderite,  page  114. 
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and  gradually  add  to  a  cold  solution  consisting  of  9  parts 
of  water,  2  parts  of  sodium  hydroxide  and  1  part  of  potas- 
sium cyanide.  A  platinum  dish  should  be  used,  and  the 
liquid  constantly  stirred  while  adding  the  chloride  solu- 
tion. The  precipitate  first  formed  redissolves,  and  at 
most  only  a  slight  precipitate  of  manganese  dioxide  re- 
mains undissolved.  Add  an  excess  of  3-5%  hydrogen 
peroxide  to  the  solution  of  the  double  cyanides,  cover  the 
dish  and  digest  for  half  an  hour  on  the  water-bath.  Di- 
lute the  liquid  considerably,  allow  the  precipitate  to  settle, 
filter,  and  wash  with  boiling  water.  Dissolve  the  hy- 
drated  manganese  dioxide  off  the  filter  with  a  warm  mix- 
ture of  hydrochloric  acid  and  hydrogen  peroxide,  precip- 
itate the  manganese  again  with  ammoniacal  hydrogen  per- 
oxide, and  finally  ignite  and  weigh  the  precipitate  as 
Mn304. 

A  double  precipitation  is  required  on  account  of  the 
contamination  of  sodium  salts.  The  weighed  precipitate 
should  be  tested  for  iron  (from  the  potassium  cyanide), 
and  silica,  after  dissolving  in  dilute  nitric  acid  and  hydro- 
gen peroxide. 

Acidify  strongly  with  sulphuric  acid,  evaporate  to 
dryness  and  expel  the  excess  of  acid  by  heating  ;  this  de- 
composes the  cobalt-potassium  cyanide.  The  residue  may 
now  be  dissolved  in  water,  and  the  cobalt  and  nickel  de- 
termined together,  or  separately,  as  usual. 

To  determine  the  calcium  and  magnesium,  use  the 
original  filtrate  from  the  sulphides  of  cobalt,  nickel  and 
manganese.  Acidify  with  hydrochloric  acid  and  heat  to 
expel  the  hydrogen  sulphide.  Filter  off  the  liberated  sul- 
phur, and  precipitate  the  calcium  as  oxalate,  and  the 
magnesium  as  ammonium-magnesium  phosphate. 
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It  is  necessary  to  expel  the  ammonium  salts  before 
precipitating  the  magnesium,  if  accurate  results  are  to  be 
obtained.  Evaporate  the  solution  to  dryness  and  heat  un- 
til all  ammonium  salts  are  volatilized.  Dissolve  the  res- 
idue in  dilute  hydrochloric  acid,  add  ammonium  hydrox- 
ide until  alkaline,  and  precipitate  with  sodium  phosphate. 

Determination  of  Alkalies  : — For  this  determination 
use  a  special  sample.  Dissolve  in  hydrochloric  acid,  neu- 
tralize with  ammonium  hydroxide,  add  ammonium  car- 
bonate as  long  as  a  precipitate  is  formed  and  then  add 
3'ellow  ammonium  sulphide  in  slight  excess.  Warm  for 
some  time  on  the  water-bath,  and  after  the  precipitate  has 
completely  settled,  filter,  and  wash  with  hot  water. 

The  filtrate  contains  the  alkalies  together  with  the 
magnesium  and  some  calcium.  Decompose  the  ammo- 
nium sulphide  with  hydrochloric  acid,  filter,  and  evap- 
orate the  filtrate  to  dryness.  Dissolve  the  residue  in  wa- 
ter and  separate  the  magnesium  and  calcium  as  given  on 
page  106. 

Filter  out  the  precipitate  and  evaporate  the  filtrate 
to  dryness  in  a  platinum  dish  and  ignite  gently  to  expel 
the  excess  of  ammonium  oxalate.  Moisten  the  salts  with 
concentrated  hydrochloric  acid  and  transfer  to  an  Erlen- 
meyer  flask  with  absolute  alcohol,  add  an  equal  volume  of 
anhydrous  ether,  stopper  the  flask  and  allow  to  digest  for 
at  least  24  hours,  shaking  the  contents  occasionally*. 


*  This  method  for  separating  lithium  from  potassium  and  sodium, 
presupposes  that  the  alkalies  are  present  as  chlorides.  If  sulphuric 
acid  is  present  it  must  be  removed.  Barium  chloride  cannot  be  used  for 
this  purpose,  as  barium  sulphate  occludes  lithium  salts,  and  the  latter 
cannot  be  washed  out.  The  sulphuric  acid  should  therefore  be  removed 
by  lead  acetate  in  boiling  solution;  cool  and  add  an  equal  volume  of 
alcohol.  Filter  off  the  lead  sulphate  and  remove  the  slight  excess  of 
lead  by  hydrogen  sulphide,  after  expelling  the  alcohol.    Evaporate  the 
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Decant  the  ether — alcohol  containing  the  lithium, 
from  the  potassium  chloride,  wash  the  latter  with  more 
ether — alcohol  and  allow  the  filtrate  and  washings  to 
evaporate.  The  lithium  chloride  obtained  always  con- 
tains some  potassium  chloride,  which  remains  undissolved 
on  extracting  with  alcohol.  See  analysis  of  Mineral  Wa- 
ter. 

Dissolve  the  lithium  chloride  in  water,  add  a  few 
drops  of  concentrated  sulphuric  acid  and  determine  the 
lithium  as  sulphate.  See  Determination  of  Potassium  as 
Sulphate,  page  106.  Gently  heat  the  potassium  chloride 
in  a  covered  platinum  crucible  and  weigh  as  such.  If  so- 
dium is  present,  separate  it  as  given  on  page  103.  The 
lithium  sulphate  as  well  as  the  potassium  chloride  should 
be  tested  for  magnesium. 

Determination  of  Oxygen  : — Psilomelane  probably 
contains  manganese  as  Mn02  together  with  Mn203  or  MnO. 
The  form,  however,  cannot  be  distinguished  in  the  analy- 
sis. All  the  manganese  therefore  is  calculated  to  MnO,  and 
the  amount  of  oxygen  corresponding  to  MmOs  or  Mn02is  de- 
termined in  a  separate  sample. 

Bunsen's  method  of  decomposing  the  mineral  with 
hydrochloric  acid  and  passing  the  chlorine  into  a  solution 
of  potassium  iodide,  is  the  most  accurate.  See  analysis  of 
Pyrolusite.  Liberated  Iodine  :  Oxygen  Sought  =  253.08  : 
15.96.  Or,  1:0.06036.  One  part  of  iodine,  therefore, 
corresponds  to  0.06036  parts  of  oxygen. 


filtrate  from  the  lead  sulphate  to  dryness,  with  hydrochloric  acid,  to 
change  the  acetates  again  into  chlorides. 

According  to  Jannasch,  sulphates  may  be  transformed  into  chlorides 
by  fusion  with  4  to  5  times  their  weight  of  boric  oxide.  Heat  until  the 
sulphuric  acid  is  expelled,  and  then  remove  the  boric  oxide  with  methyl 
chloride.    Compare;    Decomposition  of  Silicates. 
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Determination  of  Water  : — Proceed  as  given  on  page 
61.  As  psilomelane  loses  its  water  only  at  a  high  tem- 
perature, a  porcelain  tube,  instead  of  a  glass  tube,  should 
be  used. 

TIN  ORE. 

Constituents  :  Stannic  Oxide  with  small  amounts  of 
Ferric  Oxide. 

As  the  mineral  is  not  attacked  by  acids,  fuse  a  weighed 
amount  of  the  substance  dried  at  100°  C,  in  a  platinum 
crucible  with  8  times  its  weight  of  dehydrated  sodium  thio- 
sulphate,  or  a  mixture  of  equal  parts  of  sodium  carbonate 
and  sulphur. 

Allow  the  fused  mass  to  cool,  and  extract  with  warm 
water  ;  the  tin  is  in  solution  as  sodium  sulpho-stannate, 
and  may  be  precipitated  and  determined  as  given  above, 
page  84. 

Ordinarily,  a  slight  black  residue  of  ferrous  sulphide 
is  present  on  extracting  with  water.  Filter  it  off,  wash 
with  water  containing  hydrogen  sulphide  and  dissolve  in 
hydrochloric  acid  with  a  little  nitric  acid.  Precipitate  the 
iron  as  hydroxide,  with  ammonium  hydroxide. 

According  to  Hampe,  tin  ore  may  be  dissolved  by  re- 
ducing in  a  current  of  hydrogen  and  then  treating  with 
]i3Tlrochloric  acid.  If  the  mineral  contains  insoluble  sili- 
cates, these  remain  insoluble  in  the  hydrochloric  acid. 
Some  tin  is  volatilized  by  this  treatment,  according  to  the 
author's  experience.* 


*  Bongarts  and  Classen.  Determination  of  the  Atomic  Weight  of 
Tin.    Ber.  deutsch.  chem.  Gesell,  Vol.  21.  p.  2900. 
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SPHALERITE. 

ZINC  BLENDE. 

Besides  Zinc  Sulphide,  Sphalerite  usually  contains  ap- 
preciable amounts  of  Lead,  Copper,  (Arsenic,  Antimony), 
Iron,  Manganese,  (Cadmium),  and  Insoluble  Matter. 

The  method  for  making  a  complete  analysis  will  be 
given  first,  and  then  the  separate  determination  of  zinc 
will  be  described. 

Finely  pulverize  the  mineral,  dry  at  100''  C,  and  dis- 
solve about  1  gram  in  a  covered  porcelain  dish,  in  fuming 
nitric  acid  or  aqua  regia.  First  moisten  the  mineral  with 
water  and  then  add  the  acid  drop  by  drop  between  the 
dish  and  the  edge  of  the  watch-glass.  After  the  acid  has 
acted  for  some  time  in  the  cold,  heat  on  the  water-bath  or 
sand-bath  until  no  more  red  fumes  are  evolved,  and  then 
evaporate  to  dryness.  Add  hydrochloric  acid  to  the  res- 
idue, warm  gently,  and  dilute  with  warm  water.  The 
undissolved  gangue  may  contain  crystalline  lead  chloride, 
especially  if  the  blend  is  rich  in  lead  ;  decant  through  a 
filter  and  dissolve  the  lead  chloride  by  repeated  boiling 
with  water.    Ignite,  and  weigh  tlie  insoluble  matter. 

Determination  of  Lead  : — Add  dilute  sulphuric  acid 
to  the  solution,  concentrate  until  ail  hydrochloric  acid  is 
expelled,  and  determine  the  lead  as  given  on  page  65. 

Expel  the  alcohol  by  heating,  add  a  little  hydrochloric 
acid  and  precipitate  the  copper  with  hydrogen  sulphide. 
Filter  off  the  cuprous  sulphide,  wash  it  first  with  hydrogen 
sulphide  water  containing  a  little  hydrochloric  acid,  and 
then  with  hydrogen  sulphide  water.  Determine  the 
cuprous  sulphide  as  given  on  page  63. 

If  cadmium  is  present,  it  will  be  precipitated  as  cad- 
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mium  sulphide  with  the  copper.  The  amount  of  cadmium 
present,  however,  is  generally  so  slight  that  it  is  not  posr 
sible  to  detect  it  in  1  gram  of  the  zinc  blende.  If  it  is  de- 
sired to  make  a  quantitative  determination,  a  much  larger 
quantity  must  be  dissolved.  To  separate  cadmium  from 
copper,  warm  the  two  sulphides  with  dilute  sulphuric  acid 
(1-5)  ;  the  cadmium  sulphide  dissolves  and  the  cuprous  sul- 
phide remains  insoluble.  Filter,  wash  with  water,  repre- 
cipitate  as  cadmium  sulphide  and  determine  as  such.  See  : 
Wood's  Metal,  page  76. 

Vortmann  recommends  the  use  of  sodium  thiosul- 
phate  for  the  separation  of  cadmium  from  copper.  Add 
sodium  thiosulphate  to  the  acid  (preferably  sulphuric)  so- 
lution of  the  two  metals,  until  the  liquid  is  decolorized, 
and  boil  until  the  sulphur  collects  together  and  the  super- 
natant liquid  is  clear.  Filter  off  the  cuprous  sulphide, 
Cu2S  and  determine  as  such. 

The  cadmium  can  be  precipitated  as  cadmium  sul- 
phide, in  the  filtrate,  and  determined  as  given  above. 

If  the  blende  contains  arsenic  and  antimony,  their  de- 
termination may  be  combined  with  the  determination  of 
copper,  lead  and  cadmium.  In  this  case  a  separate  sam- 
ple should  be  used. 

If  the  modified  Fischer's  method  (page  91)  for  sep- 
arating the  arsenic  from  the  other  metals  is  used,  after 
distillation,  dilute  the  residual  liquid  to  the  distilling  flask 
with  water,  precipitate  with  hydrogen  sulphide,  and  sep- 
arate the  antimony  in  the  precipitate  by  digesting  with  a 
concentrated  solution  of  sodium  sulphide.  The  antimony 
sulphide  is  dissolved,  and  after  filtering,  may  be  reprecip- 
itated  in  the  filtrate  by  the  addition  of  dilute  sulphuric 
acid.    Proceed  as  given  on  page  79. 
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The  sulphides  of  copper,  lead  and  cadmium,  insoluble 
in  sodium  sulphide,  can  be  separated  as  given  above. 

Boil  the  filtrate  from  the  original  sulphide  precipitate, 
to  expel  hydrogen  sulphide,  and  oxidize  the  iron  with 
nitric  acid,  hydrogen  peroxide  or  a  solution  of  bromine  in 
hydrochloric  acid.  Separate  the  iron  from  the  zinc  and 
manganese,  witli  ammonium  hydroxide  and  ammonium 
carbonate  (page  119.)  It  should  be  remembered  that  the 
ferric  hydroxide  always  contains  an  appreciable  amount  of 
zinc.  Filter  and  wash  tlie  precipitate  a  few  times,  dis- 
solve it  in  hydrochloric  acid  and  repeat  the  separation*. 

Detei'mine  the  iron  by  dissolving  the  precipitate  in 
hydrochloric  acid,  and  titrating  with  stannous  chloride  or 
permanganate.    See  Volumetric  Analysis. 

Add  acetic  or  formic  acid  to  the  filtrate,  and  precip- 
itate the  zinc  as  sulphide  with  hydrogen  sulphide.  Ignite 
in  a  current  of  hydrogen,  and  weigh  as  zinc  sulphide. 

Separate  the  manganese  in  the  filtrate  as  sulphide, 
with  ammonium  sulphide,  after  neutralization  with  ammo- 
nium hydroxide. 

Anothei-  method  of  separating  manganese  from  zinc 
depends  upon  the  precipitation  of  the  former  with  ammo- 
niacal  h3^drogen  peroxide  (Jannascb.)  Acidify  the  filtrate 
with  acetic  acid,  stir,  and  add  drop  by  drop  to  a  mixture  of 
equal  parts  of  water,  ammonium  hydroxide  and  hydrogen 
peroxide.    Treat  the  Manganese  dioxide  as  given  abovef. 

The  filtrate  contains  the  zinc.  Evaporate  to  dryness 
and  volatilize  the  ammonium  salts  by  gentle  ignition. 

*  According  to  the  experiments  of  Hainpe  and  Fraatz  (Zeit.  fuer 
Berg-, — Huetten. — und  Salienenwesen,  25),  and  also  according-  to  the  au- 
thor's experience,  the  separation  of  iron  from  zinc,  by  precipitation  of 
the  former  by  ammoniun  hydroxide,  is  not  quantitative, 

t  Results  of  recent  research  by  Friedheim,  show  that  the  method 
does  not  g-ive  accurate  results. 
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Dissolve  in  dilute  hydrochloric  acid,  filter  out  any  silica 
present,  and  precipitate  the  zinc  as  given  on  page  29. 

If  the  blende  contains  calcium  and  magnesium,  de- 
termine them  in  the  filtrate  from  the  zinc,  as  given  on 
page  119. 

If  zinc  alone  is  to  be  determined  in  zinc  blende,  pro- 
ceed as  follows  :  Finely  pulverize  the  mineral  and  dry  to 
constant  weight.  Place  about  I  gram  in  a  covered  dish, 
moisten  with  water  to  moderate  the  action  of  the  acid,  and 
then  gradually  add  fuming  nitric  acid.  When  the  action 
has  ceased,  add  a  little  more  acid  and  heat  the  dish  on  the 
sand-bath  at  a  very  gentle  temperature  and  warm  until  no 
more  red  fumes  are  evolved.  The  temperature  should  not 
be  high  enough  to  fuse  the  sulphur  as  the  oxidation  then 
proceeds  too  slowly.  Evaporate  to  dryness  on  the  water- 
bath  and  dissolve  the  residue  in  about  15  cc.  of  dilute  sul- 
phuric acid. 

Warm,  dilute  with  water,  transfer  the  contents  of  the 
dish  to  a  beaker  and  saturate  with  hydrogen  sulphide. 
Filter  off  the  sulphide  precipitate,  wash  with  hydrogen 
sulphide  water  until  the  filtrate  gives  no  reaction  for  iron 
with  aramonium  hydroxide.  Expel  the  greater  part  of  the 
hydi'ogen  sulphide  by  warming  on  the  water-bath ,  and 
then  oxidize  the  remainder,  together  with  the  ferrous  iron, 
with  hydrochloric  acid  containing  bromine. 

Evaporate  to  dryness,  dissolve  in  water  and  5  cc.  gla- 
cial acetic  acid  and  se])ai*ate  the  iron  and  manganese  from 
the  zinc  by  ammo'.iiacal  hydrogen  peroxide  as  follows. 
(Jannasch)  : 

Pour  the  solution  slowjy  into  a  mixture  of  750  cc.  of  con- 
centrated ammonium  l^ydroxide  and  50  cc  of  3  %  hydrogen 
peroxide,   while  stirring  vigorously  ;  cover  the  dish,  and 
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warm  for  15  minutes  on  the  water-bath.  Filter  off  the 
precipitated  ferric  hydroxide  and  hjdrated  manganese  di- 
oxide while  the  solution  is  hot,  and  wash  with  a  hot  solu- 
tion of  30  grams  ammonium  acetate  in  75  cc.  of  strong 
ammonium  hydroxide.  With  proper  manipulation,  the 
separation  is  complete.  If,  for  any  reason,  it  is  necessary 
to  repeat  the  separation,  dissolve  the  precipitate  in  a  mix- 
ture of  hydrochloric  acid  and  hydrogen  peroxide,  and  re- 
precipitate  ;  this  time,  however,  by  pouring  into  a  mixture 
of  10  cc.  water,  25-30  cc.  ammonium  hydroxide,  and  15-20 
cc.  hydrogen  peroxide.  After  destroying  the  excess  of  the 
latter  by  heating,  acidify  with  acetic  acid,  and  precipitate 
the  zinc  with  hydrogen  sulphide. 

Volumetric  Determination  of  Zinc  : — Instead  of  deter- 
mining the  zinc  gravimetrically,  it  is  generally  determined 
volumetrically.  This  method  of  procedure  is  especially  to 
be  recommended  when  several  determinations  have  to  be 
made.  Numerous  methods  have  been  proposed,  but  only 
that  known  to  give  reliable  results  will  be  described. 

If  a  solution  of  sodium  sulphide  is  added  to  an  am- 
moniacal  zinc  solution,  a  white  ]3recipitate  of  zinc  sulphide 
is  produced,  as  is  well  known.  The  end  of  the  reaction  is 
determined  by  means  of  paper  saturated  with  lead  acetate. 
Glazed  paper,  such  as  is  used  for  visiting  cards,  is  gener- 
ally used.  A  glass  tube  about  25  cm.  long  and  1  cm. 
wide,  is  used  to  stir  the  liquid,  and  may  also  be  used  as  a 
pipette  for  removing  a  small  portion  of  the  liquid  for  test- 
ing.* If  a  drop  of  the  solution  is  transferred  to  the  lead 
acetate  paper,  a  brown  ring  of  lead  sulphide  is  produced  if 
an  excess  of  sodium  sulphide  is  present ;  the  greater  the 
excess  of  sodium  sulphide,  the  deeper  the  tint. 
*  The  titration  must  be  made  in  a  cold  solution. 
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If  the  liquid  being  titrated  contains  a  large  excess  of 
ammonium  hydroxide,  there  is  a  reaction  between  the  sus- 
pended zinc  sulphide  and  the  lead  salt  of  the  paper,  so  that 
a  brown  ring  would  be  formed  before  all  the  zinc  was  pre- 
cipitated. It  is  therefore  necessary  to  almost  completel}^ 
expel  the  ammonia,  either  by  heating  the  solution  or  al- 
lowing it  to  stand  for  a  long  time  (18-24  hours),  before  ti- 
trating. 

Cobalt  paper  may  be  used  instead  of  lead  paper.  This 
is  prepared  by  saturating  Swedish  filter  paper  with  cobalt 
chloride  (.35  g^ams  in  100  cc.  water.)  An  excess  of  sodium 
sulphide  produces  a  sharply  defined  black  spot,  when  a 
drop  of  tlie  solution  is  placed  on  the  cobalt  paper. 

To  obtain  closely  agreeing  results,  it  is  necessary  to 
take  the  same  tint  as  the  end  reaction  in  both  the  actual 
titration  and  in  standardizing  the  sodium  sulphide  solu- 
tion. The  same  degree  of  dilution  should  be  used  in  both 
cases. 

In  preparing  the  sodium  sulphide  solution,  use  the 
crystallized  sulphide,  Na2S  +  9H20,  and  dilute  so  that  1 
cc.  corresponds  to  about  .005  gram  zinc. 

The  strength  of  this  solution  is  determined  with  CP. 
zinc.  As  above  mentioned,  the  same  conditions  must  be 
observed  in  standardizing  the  solution  and  in  the  actual 
analysis.  If,  for  example,  1  gram  of  ore,  containing 
about  50%  zinc  is  to  be  titrated,  about  50  grams  of  pure 
zinc  should  be  used  in  standardizing  the  sodium  sulphide 
solution,  and  the  dilution  in  the  two  cases  should  be  about 
the  same. 

In  the  laboratories  of  some  of  the  German  zinc  works, 
the  following  method  is  used:  Dissolve  0.5  gram  of  sphal- 
erite in  warm  hydrochloric  acid  with  the  addition  of  some 
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nitric  acid.  Evaporate  off  the  acid  and  dissolve  the  res- 
idue in  a  definite  amount  (about  10  cc.)  of  hydrochloric 
acid.  Precipitate  ihe  lead,  copper,  etc.,  with  hydrogen 
sulphide,  and  filter. 

Expel  the  excess  of  hydrogen  sulphide  by  boiling,  ox- 
idize the  solution  with  nitric  acid  (about  5  cc.)  and  add 
about  20  cc.  of  bromine  water  and  20  cc.  ammonium  hy- 
droxide to  oxidize  the  manganese.  Filter  off  the  precip- 
itate of  ferric  hydroxide,  etc.,  wash  it  a  few  times  with 
hot  water,  dissolve  in  10  cc.  hydrochloric  acid,  and  repeat 
tlie  precipitation  with  15  cc.  ammonium  hydroxide.  Fil- 
ter, and  wash  with  hot  water.  Unite  the  filtrates,  dilute 
to  a  definite  volume,  allow  to  stand  18-24  hours,  and  then 
titrate  with  sodium  sulphide.  The  sodium  sulphide  is 
standardized  as  given  above,  using  the  same  concentration 
in  both  cases,  with  the  additional  refinement  of  adding  the 
same  amounts  of  hydrochloric  and  nitric  acids,  bromine 
water  and  ammonium  hydroxide,  in  both  cases. 

Determination  of  Sulphur  : — ^Sphalerite  may  be  ox- 
idized with  fuming  nitric  acid*,  if  the  precaution  is  taken 
to  allow  the  acid  to  act  for  some  time  before  warming.  It 
is  convenient  to  proceed  as  follows  :  Moisten  about  0.5 
gram  of  the  finely  ground  mineral  with  water  in  a  covered 
porcelain  dish,  add  fuming  nitric  acid  drop  by  drop,  until 
no  further  action  is  visible.  After  standing  for  1-2  hours, 
warm  gently  on  the  sand-bath  or  water-bath  as  long  as  ox- 
ides of  nitrogen  are  evolved.  Now  slowly  add  hydro- 
chloric acid,  warm,  and  evaporate  to  dryness.  Warm  the 
residue  with  dilute  hydrochloric  acid,  filter,  and  w^ash  the 
insoluble  matter,  first  with  small  amounts  of  hot  dilute 

*  For  other  methods  of  determining-  sulphur  in  sulphides,  see  analy- 
sis of  Pyrites. 


148         CALAMINE  AND  ZINC  SILICATES.  PHOSPHORITE 

hydrochloric  acid  and  then  with  hot  water.  Dilute,  and 
precipitate  the  sulphuric  acid  with  barium  chloride  as 
usual. 

CALAMINE  AND  ZINC  SILICATES. 

Constituents  :  Zinc,  (Cadmium)  Copper,  Lead  (Ar- 
senic, Antimony) ,  Iron,  Manganese,  Calcium,  Magnesium, 
Carbon  Dioxide,  Silica  and  Water. 

The  analysis  can  be  made  as  in  the  case  of  Sphalerite. 
If  it  is  desired  to  separate  silica  from  sand  or  insoluble 
matter,  proceed  as  given  on  page  127. 

As  carbon  dioxide  is  completely  expelled  from  cala- 
mine by  ignition,  tlie  determination  of  the  latter  may  be 
united  with  the  determination  of  water.  Weigli  out  1-2 
grams  of  the  mineral  in  a  porcelain  boat,  place  in  a  tube 
of  difficultly  fusible  glass  and  connect  the  tube  with  a  pre- 
viously weighed  calcium-chloride  tube  and  the  latter  with 
a  weighed  U-tube  filled  with  soda  lime.  After  strongly 
igniting  the  substance,  the  gain  in  weight  of  the  tubes 
gives  the  weight  of  water  and  carbon  dioxide,  respect- 
ively. 

PHOSPHORITE.^ 

I 

Principal  Constituents :  Calcium  Phosphate,  with 
Calcium  Chloride,  Calcium  Fluoride  (Calcium  Iodide),  and 
small  amounts  of  Iron,  (Manganese),  Aluminum,  (Magnes- 
ium) ,  Alkalies,  and  Water. 

If  the  phosphorite  is  free  from  ferric  oxide,  alumina 

*  [This  natural  fertilizer  includes  the  vitreous,  earthy,  scaly  and 
fibrous  forms  of  Apatite.  While  Phosphorite  is  not  found  in  the  United 
States,  the  same  method  serves  for  the  analysis  of  Apatite. 
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and  magnesia,  dissolve  about  0,5  gram  in  fuming  h3'dro- 
chloric  acid,  filter  off  the  insoluble  matter,  and  concen- 
trate by  evaporation,  until  the  residue  appears  just  moist  ; 
add  a  few  drops  of  dilute  hydrochloric  acid  and  3-4  grams 
of  potassium  oxalate  solution  (1-3.)  When  the  calcium 
oxalate  has  settled,  filter,  wash  with  hot  w^ater  until  a  few 
drops  of  the  filtrate  leaves  no  residue  when  evaporated  on 
platinum  foil.  Determine  the  calcium  as  oxide.  If  the 
pliosphorite  contains  manganese,  it  is  precipitated  as  oxal- 
ate w^ith  tlie  calcium.*  The  ignited  calcium  oxide  is  then 
colored  more  or  less  brown  by  Mn203.  The  latter  may  be 
determined  by  w^eighing  the  two  oxides  together  and  then 
determining  tlie  manganese  volumetrically.f 

Precipitate  the  phosphoric  acid  in  the  filtrate  from  the 
calcium  oxalate  with  magnesium  chloride  solution,  after 
supersaturating  with  ammonium  hydroxide.  Before  the 
other  bases  can  be  determined,  the  phosphoric  acid  must 
be  separated.  Dissolve  a  sample  of  the  phosphorite  in  hy- 
drochloric acid,  filter  off  the  silica,  evaporate  the  excess  of 
acid,  add  concentrated  nitric  acid,  and  evaporate  again. 
Repeat  the  evaporation  with  nitric  acid  5  or  6  times,  to 
form  nitrates.  Pour  fuming  nitric  acid  on  the  residue, 
add  5-8  times  as  much  metallic  tin  as  there  is  phosphoric 
acid  present,  and  warm  the  covered  dish  on  the  water-bath 
until  all  the  tin  is  oxidized.  All  phosphoric  acid  is 
changed  into  stannic  phosphate  which  is  insoluble  in 

*  Classen,  Zeit.  f.  anal.  Chem.,  Vol.  16,  p.  318. 

t  Boil  the  precipitate  with  hydrochloric  acid  in  Bunsen's  apparatus, 
pass  the  liberated  chlorine  into  a  solution  of  potassium  iodide,  and 
titrate  the  liberated  iodine  with  sodium  thiosulphate.  See  Volumetric 
Analysis;  Sodium  Thiosulphate  and  Iodine. 

Mn^Og  -I-  6HC1  =  2C1  -  -  2MnCl2  -|-  SH^O 

2KI  -i-  2C1  =  2KC1  -I-  21. 

21  =  Mn^O,  . 
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nitric  acid.  Allow  the  precipitate  of  stannic  phosphate 
and  stannic  oxide  to  settle,  dilute  with  water,  filter,  and 
wash  the  precipitate  by  decantation  with  water  containing 
nitric  acid*.  Evaporate  the  filtrate  to  dryness.  As  tin 
ordinarily  contains  copper,  pass  hydrogen  sulphide  through 
the  hydrochloric  acid  solution  of  the  residue,  oxidize  the 
filtrate,  and  precipitate  the  iron  and  aluminum  as  In^drox- 
ides  with  ammoniuni. hydroxide.  Determine  the  calcium 
and  magnesium  in  the  filtrate,  as  given  on  page  119. 

To  determine  the  alkalies,  precipitate  the  hydro- 
chloric acid  solution  of  the  phosphorite,  witli  ammonium 
hydroxide,  filter  off  the  precipitate,  wash  it  with  hot  wa- 
ter, acidify  the  filtrate  with  hydrochloric  acid  and  evap- 
orate to  dryness. 

After  volatilizing  the  ammonium  salts  by  gentle  igni- 
tion, separate  the  magnesia  and  determine  the  alkalies  as 
given  on  page  105. 

Determination  of  Fluorine  : — The  direct  determination 
of  this  element  in  the  presence  of  phosphoric  acid  in  com- 
pounds insoluble  in  water,  is  somewhat  difficult.  There- 
fore the  calcium  fluoride  is  generally  calculated  by  differ- 
ence. The  phosphoi'ic  acid  and  chlorine  being  combined 
with  part  of  the  calcium,  and  the  remainder  assumed  to 
be  calcium  fluoride.  Fluorine  may  be  determined  direct- 
ly, in  the  following  manner  :  Mix  the  finely  pulverized 
substance  with  silica  (preferably,  silica  separated  from 
silicates)  and  potassium  carbonate,  and  fuse  at  a  low  red 
heatf.    Tlie  water  solution  of  the  fused  mass  contains  all 

*  The  precipitate  should  be  dig-ested  with  ammonium  sulphide  to 
separate  traces  of  iron  and  aluminum.  Filter,  acidify  the  filtrate  with 
hydrochloric  acid,  oxidize,  and  add  to  the  main  solution. 

t  The  temperature  should  not  be  too  high,  as  potassium  fluoride 
may  be  volatilized. 
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the  fluorine  in  the  form  of  potassium  fluoride,  together 
with  potassium  phosphate  and  potassium  silicate.  First 
separate  the  phosphoric  acid  by  means  of  silver  nitrate. 
Filter  out  the  silver  phosphate,  wash  it  with  a  small 
amount  of  water,  and  precipitate  the  excess  of  silver  ni- 
trate with  sodium  chloride.  To  separate  the  silica  still  in 
solution,  from  the  flourine,  add  ammonium  carbonate, 
warm  for  some  time  on  the  water-bath,  filter,  and  evap- 
orate the  filtrate  to  dryness.  The  residue  still  contains  a 
small  amount  of  silica,  together  with  all  the  fluorine  as 
potassium  fluoride.  Dissolve  the  residue  in  hot  water, 
add  sodium  carbonate  and  a  slight  excess  of  a  solution  of 
zinc  oxide  in  ammonium  hydroxide,  and  evaporate  on  the 
water-bath  until  the  odor  of  ammonia  cannot  be  detected. 
Filter  off  the  zinc  silicate,  wash  it  with  water,  aiid  precip- 
itate the  fluorine  in  the  filtrate  as  calcium  fluoride.  For 
this  purpose,  transfer  the  solution  to  a  platinum  or  porce- 
lain dish,  heat  to  boiling,  add  a  solution  of  calcium  chlo- 
ride and  continue  the  boiling  for  some  time. 

Do  not  filter  until  the  liquid  appears  perfectly  clear. 
Wash  the  precipitate  by  decantation,  with  hot  water.  It 
is  best  to  decant  off  the  clear  solution,  add  hot  water  and 
boil  for  a  few  minutes,  and  decant  again.  Repeat  this 
operation  until  the  precipitate  is  sufficiently  washed,  then 
transfer  the  precipitate  to  the  filter. 

The  precipitate  produced  by  calcium  chloride  is  a 
mixture  of  calcium  fluoride  and  calcium  carbonate,  (from 
the  sodium  carbonate.)  The  latter  may  be  separated  from 
the  calcium  fluoride  by  igniting  the  residue  in  a  platinum 
dish  and  adding  acetic  acid,  after  cooling.  Evaporate  to 
dryness  on  the  water-bath,  and  remove  the  calcium  acetate 
by  washing  with  hot  water.  Ignite  and  weigh  the  pure 
calcium  fluoride,  CaF2. 
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OfFermann  has  based  a  volumetric  method  for  the  de- 
termination of  fluorine  on  the  volatilization  of  fluorine  as 
silicon  tetrafluoride,  decomposition  of  the  latter  by  water, 
and  formation  of  fluosilicic  acid ;  the  fluosilicic  acid  is 
then  titrated  with  normal  alkali  solution  : 

H2SiF6     6KOH=6KF  +  Si(0H)4  +  2H2O. 

This  method  is  also  applicable  in  the  presence  ot  car- 


Fig.  29. 

bonates,  chlorine  and  organic  substances.  Fig.  29  shows 
the  arrangement  of  tlie  apparatus. 

The  wash  bottle  B,  which  is  connected  wath  a  gasom- 
eter filled  with  air,  contains  concentrated  sulphuric  acid. 
The  two  drying  tow^ers  C  and  D,  are  one-half  filled  with 
granular  soda-lime,  and  the  other  half  with  granular  cal- 
cium chloi'ide.  The  flask  E,  holding  200-250  cc,  serves 
for  the  decomposition  of  the  fluoride.  F  contains  concen- 
trated sulphuric  acid.  A  thermometer  is  inserted  through 
one  hole  of  the  stopper,  so  as  to  observe  the  temperature  ; 
E  and  F  stand  on  an  iron  or  asbestos  plate.  G  and  H 
serve  to  remove  the  last  traces  of  water  and  hydrochloric 
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t^cid  ;  they  are  filled  with  granular  calcium  chloride  and 
dehydrated  copper  sulphate. 

The  bottom  of  the  beaker  K  is  covered  with  a  layer  of 
mercury,  in  which  the  tube  R  is  slightly  immersed.  The 
water  above  the  mercury  serves  to  decompose  the  silicon 
tetrafluoride. 

Mix  the  weighed  mineral  with  15  times  its  weight  of 
quartz  sand,  transfer  the  mixture  to  E,  connect  E  with  F 
and  add  50  cc.  of  concentrated  sulphuric  acid  through  the 
funnel  tube.  Pass  a  slow  current  of  air  (1-2  bubbles  per 
sec.)  from  the  gasometer  through  the  apparatus,  gradualh" 
heat  E  and  F  and  increase  the  temperature  to  150°  C. 
When  no  more  bubbles  of  gas  are  formed  in  E,  the  decom- 
position is  ended.  Allow  the  apparatus  to  cool  while 
passing  a  slow  current  of  air,  and  then  titrate  the  fiuosil- 
icic  acid  in  K,  with  standard  potassium  hydroxide.  See 
Volumetric  Analysis. 

6  molecules  of  sodium  hydroxide  correspond  to  1  mol- 
ecule of  fluosilicic  acid  ;  1  cc.  of  normal  potassium  hydrox- 
ide therefore  corresponds  to  0.019  gram  of  fluorine, 

During  the  decomposition,  silica  is  deposited  in  the 
tube  in  K;  this  should  be  removed  occasionally  with  a 
platinum  wire. 

Gasometric  Determination  of  Fluorine,  (Hempel)  : — 
In  this  method,  the  fluorine  is  volatilized  in  the  form  of 
silicon  tetrafluoride  and  the  volume  of  the  gas  measured 
in  a  gas  burette.  Since  many  substances  which  contain 
fluorine  also  contain  carbon  dioxide,  the  method  provides 
for  the  possible  presence  of  this  constituent. 

The  operations  are  as  follows  :  Decompose  the  sub- 
stance by  sulphuric  acid  in  the  presence  of  silica,  in  a  per- 
fectly dry  apparatus,  and  measure  the  resulting  mixture 
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of  gases,  consisting  of  air,  carbon  dioxide  and  silicon  tet- 
rafliioride.  After  the  silicon  tetrafluoride  has  been  de- 
composed by  shaking  up  with  water,  the  resulting  gas 
volume  is  measured,  and  the  contraction  shows  the 
amount  of  silicon  tetrafluoride  present.  However,  as  the 
carbon  dioxide  is  at  least  partly  absorbed  by  the  water, 
the  observed  volume  of  silicon  tetrafluoride  is  too  great, 
and  must  be  corrected  by  a  subsequent  determination  of 
the  absorbed  carbon  dioxide. 

Remove  the  carbon  dioxide  from  the  residual  gas 
mixture,  by  means  of  potassium  hydroxide,  and  determine 
its  volume  by  difference. 

To  determine  the  carbon  dioxide  that  was  absorbed 
Avith  the  silicon  tetrafluoride  in  the  w^ater,  bring  the  re- 
maining gas  (consisting  of  air)  again  in  contact  with  the 
water  containing  the  carbon  dioxide,  and  agitate  ;  this 
liberates  the  carbon  dioxide  from  the  water.  By  again 
shaking  the  gas  with  potassium  hydroxide,  the  carbon  di- 
oxide may  all  be  absorbed,  and  its  volume  then  subtracted 
from  the  volume  of  silicon  tetrafluoride,  thus  obtaining 
the  true  volume  of  the  latter  gas. 

The  substances  required  are,  finely  pulverized  quartz, 
freed  from  organic  substances  by  long  ignition  in  the  air, 
and  concentrated  sulphuric  acid,  wiiicli  should  be  mixed 
with  about  5  grams  of  flowers  of  sulphur  and  evaporated 
to  2/3  its  original  volume  to  free  it  from  organic  matter 
and  oxides  of  nitrogen. 

The  apparatus,  Fig.  30,  consists  of  the  decomposing 
flask  A,  in  the  neck  of  which  a  condenser  is  connected  by 
a  ground  glass  joint.  A  side  tube  from  the  decomposing 
flask,  is  provided  w^ith  a  plug  which  is  likewise  connected 
with  a  ground-glass  joint,  and  is  provided  with  a  stop- 
cock, h. 
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The  figure  shows  how  the  joints  are  sealed  by  the  li- 
quid. The  upper  end  of  the  condenser  is  provided  by  a 
capillary  tube  and  is  connected  with  the  gas  burette  B  by 
means  of  a  dry  rubber  tube,  which  may  be  closed  at  will 
by  a  pinch-cock.    The  burette  is  provided  with  a  gLass 


Fig.  30. 

stop-cock  near  its  foot,  and  is  connected  with  the  levelling 
bulb  C  by  means  of  a  long  rubber  tube. 

Pour  .25-. 5  cc.  of  concentrated  sulphuric  acid  into  the 
burette  to  be  sure  that  all  traces  of  water  are  removed,  as 
it  would  decompose  the  silicon  tetrafluoride.  Now  fill  the 
burette  and  the  levelling  bulb  to  the  zero  point  with  mer- 


156 


PHOSPHORITE 


cury,  and  close  the  lower  stop-cock.  Place  the  substance 
containing  fluorine,  and  the  quartz  powder,  in  the  flask  A 
which  should  be  perfectly  dry,  and  thoroughly  mix  by 
shaking.  Connect  the  flask  with  the  burette  by  means 
of  the  condenser,  and  seal  the  joints  with  concentrated  sul- 
phuric acid.  Connect  the  tube  li  with  the  vacuum  pump, 
exhaust  the  air  from  the  apparatus,  and  close  the  stop- 
cock in  h.  Now  carefully  remove  the  tube  h  and  allow  the 
greater  part  of  the  acid  to  suck  into  the  flask,  and  heat  to 
boiling. 

Remove  the  flame,  open  the  cock  at  the  foot  of  the 
burette,  and  fill  the  flask  A,  and  the  condenser  with  con- 


Fig.  31. 

centrated  sulphuric  acid  through  the  side  tube,  by  care- 
fully lifting  the  tube  h.  All  the  gas  is  thus  driven  over 
into  the  measuring  burette.  After  the  apparatus  has 
assumed  the  temperature  of  the  room,  bring  the  gas  under 
atmosphere  pressure  by  means  of  the  levelling  bulb  C, 
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Note  the  barometric  pressure,  the  temperature  of  the  air 
near  the  apparatus  and  the  volume  of  the  gas. 

If  sufficient  gas  should  not  be  evolved,  allow  air  to  en- 
ter, by  lowering  the  bulb  C  and  then  opening  the  stop- 
cocks, until  the  total  volume  is  about  110  cc.    Close  the 


Fig.  33. 

burette  above  and  below,  and  proceed  to  absorb  the  gas. 
For  this  purpose,  the  absorption  pipette,  shown  in  Fig.  31, 
is  used  first.  The  cylindrical  part  of  the  apparatus  is 
about  half  full  of  mercury,  on  the  surface  of  wdiich  is  a 
layer  of  about  5  cc.  of  water.  The  apparatus  is  placed  on 
a  stand  so  that  it  may  conveniently  be  connected  with  the 
burette  by  means  of  a  capillary  tube.  Force  the  water  up 
to  the  top  of  the  absorption  bulb,  by  raising  the  levelling 
bulb,  connect  the  latter  with  the  burette,  and  then  trans- 
fer the  gas  to  the  absorption  bulb,  by  raising  the  levelling 
bulb  C,  and  lowering  the  bulb  of  the  absorption  pipette. 

When  the  gas  is  all  transferred,  close  the  absorption 
pipette  with  the  pinch-cock,  agitate  for  5  minutes,  and 
then  return  the  gas  to  the  measuring  burette,  and  measure 
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the  volume.  The  contraction  corresponds  to  the  volume 
of  the  silicon  tetrafiuoride  plus  a  small  amount  of  carbon 
dioxide*.  See  above.  Now  transfer  the  gas  to  an  absorp- 
tion pipette,  Fig.  32,  filled  with  glass  beads  and  concen- 
trated potassium  hydroxide  (1-200) ,  agitate  as  before  and 
return  to  the  measuring  burette  and  note  the  contraction. 
Transfer  the  gas  once  more  to  the  pipette  used  at  first  con- 
taining water  and  mercury,  agitate  about  3  minutes  and  again 
measure  the  volume.  After  the  gas  has  been  agitated  in 
contact  with  potassium  hydroxide  once  more,  the  final  vol- 
ume is  measured.  The  difference  between  the  last  two 
measurements,  gives  the  slight  amount  of  carbon  dioxide 
which  was  absorbed  with  the  silicon  tetrafiuoride  by  the 
water.  This  small  amount  subtracted  from  the  first  con- 
traction, gives  the  volume  of  silicon  tetrafiuoride  in  the  gas 
mixture. 

Determination  of  Chlorine:— The  chlorine  is  determined 
as  silver  chloride  in  nitric  acid  solution  of  about  5  grams  of 
the  Phosphorite.  It  should  be  remembered  that  hydro- 
chloric acid  may  be  volatilized,  if  the  nitric  acid  solution  is 
heated  strongly,  or  if  the  solution  is  allowed  to  concentrate 
during  solution. 

Determination  of  Iodine. — Many  Phosphorites  contain 
a  small  amount  of  calcium  iodide.  To  determine  the  iodine, 
heat  about  100  grams  of  the  substance  in  a  retort  of  about 
500  cc.  capacity,  with  about  100  cc.  of  concentrated  sul- 
phuric acid  and  pass  the  vapor  into  dilute  potassium  hy- 
droxide. After  boiling  the  contents  of  the  retort  for  about 
half  an  hour,  all  the  iodine  will  be  in  the  distillate.  Acidify 
the  latter  with  dilute  hydrochloric  acid,  and  precipitate  the 
iodine  as  palladous  iodide  PdL,  with  palladium  chloride  or 
nitrate.    See  page  44.    The  iodine  may  also  be  determined 

*  If  sulphui^ic  acid  libsrates  hydrochloric  acid  from  the  substance,  the 
latter  is  likewise  absorbed  by  water.  In  this  case,  determine  the  hydro- 
chloric acid  in  the  usual  manner,  calculate  the  volume  and  subtract  it 
from  the  volume  of  silicon  tetraHuoride  found. 
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volumetrically  in  the  distillate,  after  acidifying  with  hydro- 
chloric acid. 

For  this  purpose,  add  some  potassium  bichromate  and 
titrate  the  liberated  iodine  with  thiosulphate.  See:  Volu- 
metric Analysis,  Sodium  Thiosulphate  and  Iodine. 

Determination  of  Phosphoric  Acid: — In  the  valuation  of 
Phosphorites,  a  determination  of  phosphoric  acid  is  gener- 
ally sufficient.  If  the  phosphorite  contains  ferric  oxide, 
etc. ,  it  is  preferable  to  determine  the  phosphoric  acid  in  a 
special  sample,  either  gravimetrically  or  volumetrically. 

Gravimetric  Determination  of  Phosphoric  Acid: — Dis- 
solve 0.3  0.5  gram  of  the  substance  by  digesting  with  fum- 
ing hydrochloric  acid.  When  decomposition  is  effected, 
evaporate  to  dryness.  Moisten  with  nitric  acid  and  repeat 
the  evaporation.  Add  a  little  nitric  acid,  warm,  and  then 
dissolve  in  water.  Filter,  if  necessary,  and  precipitate  the 
phosphoric  acid  with  ammonium  molybdate,  as  given  on 
page  42.    Determine  as  Magnesium  Pyrophosphate.* 

Volumetric  Determination  of  Phosphoric  Acid: — The 
phosphoric  acid  can  be  determined  almost  as  accurately 
volumetrically,  and  the  following  method  has  been  con- 
siderably used  in  practice.  The  method  is  based  upon  the 
precipitation  of  phosphoric  acid  by  uranium  acetate  in  ace- 
tic acid  solution.  Potassium  ferrocyanide  is  used  as  an  in- 
dicator to  show  when  all  the  phosphoric  acid  has  been 
changed  to  uranyl  phosphate. 

The  details  of  this  method  are  given  under  Volumetric 
Analysis. 

Dissolve  the  phosphorite  in  fuming  hydrochloric  acid,t 

*  [The  ammonium  phospho-molybdate  may  also  be  dissolved  in  an  ex- 
cess of  standard  potassium  hydroxide,  and  the  excess  titrated  back  with 
standard  nitric  acid.    See:  Determination  of  Phosphorus  in  Steel,  etc.] 

t  It  is  preferable  to  use  5  per  cent,  sulphuric  acid  in  the  determina- 
tion of  phosphoric  acid  in  phosphorites  which  contains  a  considerable 
quantity  of  iron  or  alumina.  Filter  off  the  insoluble  residue  of  calcium 
sulphate,  silica,  ferric  oxide,  etc.,  wash  it  with  hot  water,  make 
alkaline  with  ammonium  or  sodium  hydroxide,  and  then  add  acetic  acid 
to  acid  reaction. 
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or  in  5  %  sulphuric  acid.  If  hydrochloric  acid  is  used,  re- 
move the  excess  by  evaporating  nearly  to  dryness,  so  that 
on  dilution  with  water,  a  clear  solution  results. 

Neutralize  the  remainder  of  the  acid  with  ammonium 
hydroxide,  avoiding  an  excess,  and  dissolve  the  resulting 
precipitate  in  acetic  acid.  Now^  add  10  cc.  of  sodium  ace- 
tate, dilute  to  the  same  volume  used  in  standardizing  the 
uranium  acetate  solution,  and  proceed  as  given  under  this 
method  in  Volumetric  Analysis. 

If  the  results  are  to  be  comparable  wdth  the  results  of 
gravimetric  analysis,  it  is  necessary  to  observe  the  same 
conditions  of  dilution,  etc.,  in  the  actual  analysis  and  in 
standardizing  the  uranium  solution.  Otherwise  the  action 
of  the  latter  solution  is  not  definite.  As  these  conditions 
cannot  always  be  observed,  the  constancy  of  the  action  of 
the  uranium  solution  within  definite  limits,  must  be  con- 
sidered, if  exact  determinations  are  to  be  obtained. 
Brookmann  has  given  a  correction  table  which  gives  the 
value  of  the  uranium  solution  from  20  to  40  cc.  This  ta- 
ble has  been  made  more  complete  by  A.  Has  well,  by  add- 
ing the  values  from  1.2-20  cc. 

Brookmann  used  a  flask  provided  with  a  mark  at  a 
volume  of  130  cc,  and  used  a  solution  which  contained  0.35 
gram  of  potassium  ferrocyanide  in  4.5  cc.  of  water,  as  an 
indicator.  According  to  tliis  investigator,  at  the  above 
dilution  (130  cc),  and  in  the  presence  of  12.5 cc.  of  a  solu- 
tion of  sodium  acetate  (see  Volumetric  Analysis),  0.55  cc. 
of  uranium  acetate  solution  (1  cc.  —  0.005  gram  P2O5)  are 
required  to  give  the  end  reaction  in  the  absence  of  phos- 
phoric action.  The  table  gives  the  influence  of  this 
amount  of  the  solution,  from  2-40  cc.  The  uranium  solu- 
tion has  the  followiiig  values : 
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cc.  of  uranium  solution  used;  1  cc.  corresponds  to  grams  P2O5 


1.2  "  "  "  "  "  .004167 

2.3  "  "  "  "  "  .004347 
3.3  "  "  "  "  .004544 
4.2  "  "  "  "  "  .004762 
5.1  "  "  "  "  "  .004901 
6-1  "  "  "  "  "  .004918 
7.1  "  "  I'  "  "  .004928 
8.1  "  "  "  "  .004938 
9.1  "  "  "  "  "  .004945 

10.1  "  "  "  "  "  .004950 

11.1  "  "  "  "  "  .004954 

12.1  "  "  "  "  "  .004958 

13.1  "  "  "  "  "  ,004962 

14.1  "  "  "  "  "  .004964 

15.1  "  "  "  "  ,004967 

16.1  "  "  "  ,004968 

17.1  "  "  "  "  .004985 

18.0  "  "  "  "  ,00500  ■ 

19.0  "  "  "  "  .00500 

20.0  "  "  "  ,00500 

22.0  "  "  "  "  ,00502 

23.0  "  "  "  ,00504 

24.0  "  "  "  "  ,00505 

25.0  "  "  "  "  ,00506 

26.0  "  "  ^'  ,00507 

27.0  "  "  "  ^'  ,00508 

28.0  "  "  ,005085 

29.0  "  "  "  .00509 

30.0  "  "  ,005095 

31.0  "  '<  ,0051 

32.0  "  "  "  "  ,005105 

33.0  "  "  "  .00511 

34.0  "  "  "  ,005115 

35.0  "  "  .00512 

36.0  "  "  "  "  "  .005125 

37.0  "  "  "  "  "  ,00513 

38.0  "  "  "  "  "  .005135 

39.0  "  "  "  "  "  .00514 

40.0  "  "  "  "  "  ,00514 
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VANADINITE. 

Constituents  :  Lead  Vanadate  and  Lead  Chloride ; 
commonly  contains  Phosphoric  Acid,  and  occasionally  Ar- 
senic Acid. 

Determination  of  Chlorine  and  Lead  : — Dissolve  about 
1  gram  of  the  finely  pulverized  mineral  in  dilute  nitric 
acid  without  warming,  as  otherwise  chlorine  may  be  ex- 
pelled. Dilute,  and  precipitate  the  chlorine  with  silver 
nitrate.  After  removing  the  excess  of  silver  nitrate  in  the 
filtrate  with  hydrochloric  acid,  evaporate  the  silver-free 
filtrate  to  dryness  several  times  after  adding  hydrochloric 
acid,  to  expel  the  nitric  acid.  Add  alcohol  and  determine 
the  lead  chloride  as  given  on  page  43. 

.  Determination  of  Vanadium  : — The  preceding  treat- 
ment reduces  the  vanadic  acid  to  the  vanadyl  condition,  as 
is  shown  by  the  blue  color  of  the  solution.  Repeated 
evaporation  with  nitric  acid  oxidizes  the  lower  oxide  to 
the  brown  pentoxide  again.  Transfer  to  a  weighed  plat- 
inum crucible  w^ith  as  little  water  as  possible,  dissolve  the 
particles  adhering  to  the  dish  with  a  little  ammonium  hy- 
droxide, transfer  to  the  crucible  and  evaporate  to  dryness. 
A  residue  of  ammonium  vanadate  is  thus  obtained.  Heat 
gradually  to  expel  the  ammonia  and  tlien  ignite  with  ac- 
cess of  air  until  the  dark  colored,  lower  oxides  formed  b}- 
the  reducing  action  of  the  ammonia,  are  again  oxidized  to 
the  ocher-colored  pentoxide.  Increase  the  temperature 
until  the  latter  fuses  ;  on  cooling,  the  mass  forms  a  radi- 
ated, crystalline  mass.    Weigh  as  V2O5. 

If  the  vanadinite  contains  phosplioric  acid,  the  latter 
will  be  with  the  vanadic  acid  ;  in  this  case,  the  mass  com- 
monly sinters  together  instead  of  fusing.  Fuse  the 
weighed  residue  with  an  equal  weight  of  sodium  carbon- 
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ate,  dissolve  the  fuse  in  water,  acidify  with  sulphuric  acid , 
add  sulphurous  acid  and  boil.  This  reduces  the  vanadium 
pentoxide  to  tetroxide. 

Expel  the  excess  of  sulphur  dioxide  to  avoid  a  re- 
duction of  the  molybdic  acid  which  is  to  be  added  later. 
Add  a  few  drops  of  nitric  acid,  a  little  ammonium  nitrate, 
and  then  a  large  excess  of  ammonium  molybdate  solution. 
As  the  vanadium  tetroxide  on  long  standing,  is  again  oxi- 
dized to  pentoxide  by  the  nitric  acid  of  the  ammonium 
molybdate,  and  passes  in  part  into  the  phospho-molybdate 
precipitate,  the  solution  is  warmed  for  only  a  short  time 
at  60°  C.  and  then  cooled  and  filtered  at  once.  Determine 
the  phosphoric  acid  as  given  on  page  41,  and  subtract  its 
weight  from  the  weight  of  the  mixed  oxides,  and  obtain 
the  vanadium  pentoxide  by  difference. 

It  is  best  to  use  a  separate  sample  for  the  determina- 
tion of  arsenic  acid.  Use  the  distillation  method  de- 
scribed on  page  91,  seq. 

According  to  Friedheim,  the  vanadic  acid  may  be  de- 
termined volumetrically.  As  vanadium  pentoxide  is  not 
reduced  to  a  definite  state  of  oxidation  by  hydrochloric 
acid,  the  reduction  is  effected  by  liydrobromic  acid,  ac- 
cording to  the  following  equation  : 

V2O5  +  2HBr  =  V2O4  +  H.O  +  Br2. 

1  mol.  of  liberated  bromine  thus  corresponds  to  1  mol, 
of  vanadium  pentoxide.  By  passing  the  bromine  into  a 
solution  of  potassium  iodide,  an  equivalent  amount  of 
iodine  is  liberated  : 

2KI  -f  Br2  =  2KBr  +  I2. 

Titrate  the  iodine  with  thiosulphate.  If  1  cc.  of  the 
latter  corresponds  to  a  grams  of  iodine,  and  if  t  cc.  of  thio- 
sulphate were  used,  the  amount  of  vanadium  pentoxide  in 
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the  sample  taken  is  given  by  the  proportion  : 
I2  ;  V2O5  =  at  :  X, 

From  which,  X  at. 

I2 

The  distillation  is  made  in  Bunsen's  apparatus,  ex- 
actly as  described  under  the  Standardization  of  Sodium 
Thiosulphate.  See  Volumetric  Analysis.  Place  about  0.1- 
0.2  gram  of  the  mineral,  and  0.5-1.0  gram  of  potassium 
bromide  in  the  distillation  flask,  add  strong  hydrochloric 
acid  and  boil  until  the  green  solution  has  assumed  a  pure 
blue  color. 

ULEXITE. 

Constituents  :  Calcium,  Sodium,  Boric  Acid  and  Wa- 
ter. The  mineral  often  contains  Potassium  Chloride,  So- 
dium Chloride,  and  Sodium  Sulphate. 

Determination  of  the  Non-Alkaline  Bases  : — Before  de- 
termining these  constituents,  it  is  necessary  to  volatilize 
the  boric  acid.  Add  hydrofluoric  acid  to  a  weighed 
amount  of  tlie  substance  and  digest  for  some  time  on  the 
water-bath.  After  cooling,  carefully  add  concentrated 
sulphuric  acid  drop  by  drop,  and  heat  until  the  excess  of 
acid  is  expelled  ;  this  volatilizes  ail  the  boric  acid  as  boron 
fluoride  and  leaves  the  metals  as  sulphates. 

Ammonium  fluoride  may  be  used  instead  of  hydro- 
fluoric acid.  Intimately  mix  the  mineral  and  the  salt,  add 
concentrated  sulphuric  acid  and  heat  gradually. 

Dissolve  the  sulphates  in  hydrochloric  acid,  neutralize  the 
solution  with  ammonium  hydroxide  and  separate  the  cal- 
cium as  oxalate. 

The  alkalies  may  be  determined  in  the  filtrate  from  the 
calcium  oxalate.    Evaporate  to  dryness,  and  weigh  the  al- 
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kalies  as  sulphates.  It  should  be  remembered  that  a  little 
ammonium  carbonate  should  be  added  before  the  final  igni- 
tion, to  decompose  the  acid  sulphates.    See  page  106. 

Separate  the  sodium  and  potassium  as  given  on  page 

104. 

Determine  the  hydrochloric  and  sulphuric  acids  as 
usual,  in  nitric  and  hydrochloric  acid  solutions,  respec- 
tively. 

Determination  of  Boric  Acid  as  Potassium  Fluoborate. 


Fig. :  3. 

Berzelius-Stromeyer  Method,  modified  by  Thaddeeff: — This 
method  depends  upon  the  insolubility  of  potassium  fluobor- 
ate in  a  definite  mixture  of  potassium  acetate  and  alcohol. 
The  method  presupposes  that  only  boric  acid  or  its  potas- 
sium salt  is  present  in  the  solution  to  be  precipitated,  as  the 
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salts  of  other  bases  or  acids  would  be  precipitated  with  the 
potassium  fluoborate  in  alcoholic  solution.  This  requires 
that  the  boric  acid  be  expelled  from  its  compounds  and  then 
combined  with  potassium.  For  this  purpose,  the  borate  is 
distilled  with  sulphuric  acid  and  methyl  alcohol,  and  the 
easily  volatile  boric  ether  absorbed  in  pure  potassium  hy- 
droxide.   The  apparatus  is  shown  in  Fig.  83. 

Place  the  w^eighed  substance  in  tlie  flask,  w^liicli 
should  have  a  capacity  of  about  80-100  cc,  and  support  it 
by  means  of  a  retort-stand  in  a  beaker  which  serves  for  a 
water-bath.  The  beaker  should  be  covered  w^ith  a  copper 
plate  to  prevent  loss  of  water  by  evaporation.  The  flask 
is  closed  with  a  3-hole  rubber  stopper,  provided  with  3 
tubes,  a,  b  and  c  ;  a  and  b  reach  to  the  bottom  of  the  flask. 
The  tube  b,  wiiich  is  drawn  out  to  a  narrow  opeiiing  at  its 
lower  end,  serves  for  passing  a  current  of  air  from  a  gas- 
ometer. The  rate  of  flow  of  the  air  can  be  regulated  by 
the  screw  pinch-cock.  The  air  is  passed  through  a  w-ash 
bottle  tilled  with  potassium  liydroxide  to  remove  carbon 
dioxide,  and  then  through  concentrated  sulphuric  acid  to 
remove  w^ater  vapor.  The  exit  tube  c,  is  draw^n  down  to 
a  narrow  opening  at  its  lower  end  and  is  immersed  in  a 
platinum  dish  containing  3  grams  of  pure  potassium  hy- 
droxide in  200  cc.  of  w^ater.  The  dish  should  be  covered 
with  a  watch-glass. 

Close  the  pinch-cock,  pour  through  the  funnel  a 
cooled  mixture  of  10  cc.  of  methyl  alcohol,  and  2-3  cc.  of 
sulphuric  acid,  Sp.  Gr,  1.84,  add  10  cc,  more  of  methyl  al- 
cohol and  close  the  stop-cock  in  the  funnel ;  now  begin 
the  distillation  by  w^arming  the  water-bath. 

To  save  time,  hot  w\ater  may  be  poured  into  the 
beaker,  after  everything  is  in  readiness.    As  soon  as  two- 
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thirds  of  the  liquid  has  distilled  over,  pass  a  current  of  air 
through  the  apparatus  for  about  5  minutes. 

Now  add  10  cc.  more  of  methyl  alcohol.  If,  to  save 
time,  the  alcohol  is  added  to  the  hot  acid,  the  greatest 
care  must  be  observed,  as  the  reaction  is  quite  violent. 
There  is,  in  fact,  a  double  danger  in  so  doing;  first,  the 
sucking  back  of  the  potassium  hydroxide  as  a  result  of  the 
cooling  of  the  air  in  the  apparatus  by  the  sudden  evapora- 
tion of  the  alcohol,  and  second,  the  spirting  in  the  plati- 
num dish,  in  consequence  of  the  violent  boiling. 

By  suitably  regulating  the  current  of  air,  both  dan- 
gers may  be  avoided. 

After  distilling  for  5-10  minutes  without  passing  the 
air,  open  the  stop-cock  and  pass  a  slow  current  of  air  for 
10-15  minutes,  add  10  cc.  more  of  methyl  alcohol,  distil 
for  5-10  minutes  without  access  of  air,  and  finally  pass  a 
slow  current  of  air  for  half  an  hour,  at  first  warming  the 
flask  and  then  gradually  allowing  it  to  cool.  Finally  re- 
move the  water-baih. 

After  the  boric  acid  has  been  combined  w^ith  the  po- 
tassium, the  precipitation  is  made  as  follows  : 

Evaporate  the  contents  of  the  dish  on  the  water-bath, 
to  half  its  volume,  add  an  excess  of  CP.  hydrofluoric  acid, 
and  evaporate  as  much  as  possible  on  the  water-bath,  oc- 
casionally breakhig  the  crust  of  salt  that  forms.  When 
the  residue  smells  only  faintly  of  hydrofluoric  acid,  (a  very 
small  amount  of  acid  is  neither  advantageous  nor  harm- 
ful), allow  to  cool,  add  50  cc.  of  a  clear  potassium  acetate 
solution,  Sp.  Gr.  1.14,  stir  occasionally  with  a  platinum 
wire,  and  allow  to  stand  1—2  hours  at  the  ordinary  tem- 
perature. 

The  large  pieces  of  salt  should  be  crushed,  to  facilitate 
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solution  of  the  potassium  fluoride.  When  all  soluble  mat- 
ter is  in  solution,  acid  10  cc.  of  alcohol,  Sp.  Gr.  .805,  stir 
carefully  and  allow  to  stand  for  12-14  hours. 

In  the  meantime,  moisten  a  9  cm.  filter  with  alcohol, 
dry  for  3  hours  at  100-110°  C.  in  a  weighing  bottle,  and 
cool  in  a  dessicator  containing  fresh  calcium  chloride. 

It  is  necessary  to  moisten  the  filter  with  alcohol  be- 
fore drying  and  weighing,  as  the  precipitate  is  finally 
washed  with  alcohol,  and  the  weight  of  the  filter  is  in- 
creased 1  or  2  milligrams. 

Transfer  the  precipitate  to  the  filter  with  alcohol, 
Sp.  Gr.  .805,  and  rinse  out  the  dish  4-5  times  with  alco- 
hol. 

It  is  advisable  to  use  a  ribbed  funnel  for  the  filtra- 
tion. After  washing  the  precipitate  with  alcohol,  dry  it 
at  100-110°  0.  in  the  same  manner  in  which  the  filter 
was  treated. 

As  mentioned  above,  the  solution  to  be  precipitated 
should  contain  no  acid  other  than  the  boric  acid.  If, 
however,  ulexite  is  subjected  to  the  above  distil- 
lation, hydrochloric  acid  is  distilled  over,  and  the  potas- 
sium fluoborate  is  contaminated  with  potassium  chloride, 
which  is  also  insoluble  in  alcohol.  To  determine  the  po- 
tassium chloride,  extract  the  weighed  precipitate  with  po- 
tassium acetate,  in  which  the  potassium  chloride  is  solu- 
ble while  the  potassium  fluoborate  is  almost  entirely  inso- 
luble ;  determine  the  chlorine  in  the  extract,  and  subtract 
an  equivalent  amount  of  potassium  chloride  from  the 
weight  of  the  mixed  precipitate. 

The  water  is  best  determined  by  mixing  a  weighed 
quantity  of  the  mineral,  with  a  weighed  quantity  of 
freshly  ignited  lead  oxide,  and  heating  in  a  tube  of  hard 
glass. 
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BORACITE. 

Contains  :  Magnesium  Borate  and  Magnesium  Chlo- 
ride. 

To  separate  the  magnesium  from  the  boric  acid,  fuse 
the  mineral  with  4  times  its  weight  of  potassium  carbon- 
ate, and  digest  with  water.  After  filtering  out  the  insolu- 
ble residue  and  washing  it  with  hot  water,  it  may  be  ig- 
nited and  weighed  as  magnesium  oxide,  or  dissolved  and 
precipitated  as  magnesium-ammonium  phosphate. 

Determine  the  boric  acid  in  the  filtrate,  in  which  it  is 
present  as  the  potassium  salt,  according  to  the  method 
given  on  page  167.  As  the  filtrate  contains  chlorine,  the 
precaution  mentioned  above  should  be  observed. 

Determine  the  chlorine  in  a  special  sample,  by  dis- 
solving in  nitric  acid,  and  precipitating  as  silver  chloride, 
as  usual. 

If  the  boracite  contains  water  (Massive  Boracite),  it 
may  be  determined  as  given  under  Ulexite. 

ANALYSIS  OF  SILICATES. 

Silicates  may  be  divided  into  two  groups,  according 
to  their  behavior  towards  acids  :  Silicates  Decomposable 
by  Acids,  and  Silicates  not  Decomposable  by  Acids. 

The  first  group  contains,  for  example  : 

Allanite,  Allophane,  Analcite,  Botryolite,  Brewster- 
ite,  Calamine,  Chabasite,  Cronstedtite,  Datolite,  Dioptase, 
Eulytite,  Gadolinite,  Gahlenite,  Helvite,  Ilvaite,  Melinite, 
Natrolite,  Nephelite,  Okenite,  Pectolite,  Wernerite  and  the 
Zeolites. 

Among  the  silicates  not  decomposable  by  acids,  may 
be  mentioned  : 
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Albite,  Andalusite,  Aiigite,  Axinite,  Beryl,  Carpho- 
lite,  Cyaiiite,  Diallage,  Euclase,  Feldspar,  Garnet,  lolite, 
Labradorite,  Potassium  and  Magnesium  Micas,  Oligo- 
clase,  Petalite,  Finite,  Froclilorite,  Fumice,  Serpentine, 
Sillimanite,  Talc,- Tourmaline,  Vesuvianite,  etc. 

Determination  of  Silica  in  Silicates  Decomposable  by 

Acids, 

Hydrochloric  acid  is  generally  used  for  the  decompo- 
sition ;  more  rarely  nitric  acid,  as  for  example,  in  the 
case  of  silicates  containing  lead  or  silver ;  concentrated 
sulphuric  acid  is  sometimes  used,  especially  in  decompos- 
ing aluminum  silicates.  Before  proceeding  to  the  analy- 
sis proper,  it  is  necessary  to  pulverize  the  silicate  as  finely 
as  possible  and  then  to  dry  the  powder. 

Ordinarily  the  drying  can  be  done  by  heating  the 
sample  in  the  air-bath  at  100°  C.  If,  however,  the  silicate 
loses  combined  water  at  this  temperature,  the  drying  must 
be  done  at  a  lower  temperature,  or  even  over  sulphuric 
acid. 

'The  method  used  in  determining  the  water  must  be 
varied  according  to  the  nature  of  the  silicate.  If  the  sub- 
stance, on  ignition,  loses  all  its  water  without  losing  carbon 
dioxide  or  organic  matter,  or  absorbing  oxygen,  as  in  sili- 
cates containing  ferrous  oxide,  the  simplest  method  is  'loss 
on  ignition.' 

In  other  cases,  the  direct  determination,  as  given  un- 
der Dolomite,  page  61,  must  be  used. 

The  water  may  also  be  determined  by  placing  the 
sample  in  an  open  tube  between  plugs  of  asbestos  or  glass 
wool,  and  heating,  while  aspirating  a  slow  current  of  air 
freed  from  moisture  and  carbon  dioxide.    If  the  sample 
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evolves  but  small  amounts  of  these  constituents,  they  may 
be  absorbed  in  U-tubes  containing  calcium  chloride  and 
soda  lime. 

Silicates,  like  tourmaline,  which  give  off  their  water 
only  when  heated  to  a  very  high  temperature,  are  decom- 
posed more  easily  by  fusing  with  dehydrated  borax  (Jan- 
nasch).  Mix  .5-.1  gram  of  the  finely  pulverized  substance 
with  1.5  grams  of  completely  dehydrated  borax,  in  a  large 
platinum  boat,  transfer  to  a  glass  tube,  and  heat  in  a  cur- 
rent of  air  until  in  quiet  fusion.  If  the  substance  evolves 
fluorine  on  being  heated,  it  may  be  absorbed  by  a  layer  of 
dry,  granular  lead  chromate  7-8  cm.  in  length,  or  by  pre- 
viously fused  lead  oxide. 

Minerals  like  topaz,  which  contain  a  large  amount  of 
fluorine,  may  be  fused  with  6  times  their  weight  of  pure 
lead  oxide  in  a  bulb  tube  of  difficultly  fusible  glass.  The 
vai^ors  should  be  passed  through  a  layer  of  lead  oxide  in 
one  end  of  the  tube,  to  absorb  fluorine,  and  the  water  may 
be  carried  over  into  a  calcium  chloride  tube  by  a  current 
of  air*. 

In  determining  water  in  a  silicate,  it  may  be  of  inter- 
est to  ascertain  in  what  form  the  water  is  contained  in  it. 
Many  silicates  contain  water  of  crystallization  (Krystall- 
wasser).  Among  these,  are  the  Zeolites:  Analcite,  Apo- 
pliyllite,  Chabasite,  Phillipsite,  Harmotome,  Heulandite, 
Natrolite,  Scolecite,  and  Stilbite.  As  this  w^ater  is  given 
off  at  a  low  temperature,  and  even  in  a  dessicator,  care 
should  be  taken  that  no  loss  occurs  on  drying  the  sam- 
ple. Such  samples  should  be  dried  in  a  dessicator  over 
sand  that  has  previously  been  dried  at  200°  Cf . 

*  [Compare:  W.  F.  Hillebrand,  Bull,  176,  U.  S.  Geol.  Surv.,  p.  46.] 
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The  samples  should  then  be  dried  to  constant  weight 
in  the  air-bath  at  the  successive  temperatures,  100°,  125°, 
150°  C,  etc.  All  water  given  off  below  360°  C,  is  assumed 
to  be  water  of  crystallization. 

All  water  expelled  by  heating  from  360°  C.  up  to  the 
temperature  of  ignition,  is  assumed  to  be  water  of  consti- 
tution. 

Place  a  weighed  portion  of  the  dried  powder  in  a  plat- 
inum or  porcelain  dish,  moisten  all  over  with  water  so 
that  a  thick  paste  is  formed,  add  hydrochloric  acid,  and 
warm  on  the  water-bath  while  stirring  with  a  platinum 
spatula.  The  silica  generally  separates  in  a  gelatinous 
form,  and  it  is  easy  to  ascertain  when  all  the  hard  parti- 
cles are  decomposed.  It  should  not  be  forgotten  that  if 
undecomposable  silicates  or  quartz  are  present,  the  gritty 
feel  may  be  due  to  these. 

In  decomposing  a  mineral  with  hydrochloric  acid,  the 
most  of  the  silicic  acid  separates  in  the  insoluble  form, 
and  the  remainder  remains  in  solution.  Some  silicates, 
however,  may  dissolve  to  a  clear  solution  in  hydrochloric 
acid.  In  all  cases,  evaporate  the  solution  to  dryness  and 
heat  the  residue  in  an  air-bath  until  the  odor  of  hydro- 
chloric acid  is  gone,  and  the  salts  are  perfectly  dry.  This 
renders  the  silica  insoluble.  If  the  silica  contains  neither 
iron  nor  alumina,  the  dried  mass  may  be  heated  for  some 
time  in  an  air-bath  at  120°  C. 

In  either  case,  moisten  the  cooled  mass  with  hydro- 
chloric acid,  and  warm  about  half  an  hour  to  dissolve  the 
basic  salts  formed  by  the  dehydration.  Now  add  hot  water, 
stir  for  a  few  minutes  and  filter.  As  the  silica  clogs  the 
pores  of  the  filter,  it  is  advisable  to  wash  by  decantation 
and  then  to  transfer  the  silica  to  the  filter  by  means  of  the 
wash  bottle. 
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The  filtrate  contains  the  bases  together  with  a  very 
small  amount  of  silica,  even  if  the  drying  was  done  at 
120°  C.  In  exact  analysis,  therefore,  the  filtrate  must  be 
evaporated  to  dryness  and  dehydrated  a  second  time. 

Dry,  ignite  and  weigh  the  silica.  Wrap  the  precipi- 
tate in  the  filter,  and  heat  gently  in  a  covered  platinum 
crucible  until  the  paper  is  carbonized,  and  then  ignite 
strongl}^  over  the  blast.  The  heating  should  be  continued 
until  the  silica  is  pure  white,  and  the  crucible  should  be 
covered  when  heating  over  the  blast,  or  the  strong  current 
may  sweep  particles  of  silica  out  of  the  crucible. 

The  silica  must  in  all  cases  be  tested  for  impurities. 
This  is  done  by  heating  it  with  hj^drofluoric  acid  or  am- 
monium fluoride.*  If  a  residue  is  left,  its  weight  should 
be  subtracted  from  the  weight  of  the  silica  found.  Dis- 
solve the  residue  in  sulphuric  acid  and  add  it  to  the  main 
solution. 

Some  silicates  contain  titanic  acid.  This  will  be  sep- 
arated with  the  silica,  unless  an  excess  of  hydrochloric 
acid  is  added  to  the  dry  residue  ;  otherwise  the  most  of 
the  titanic  acid  is  dissolved.  To  determine  the  titanic 
acid,  fuse  the  residue  left  by  hydrofluoric  acid,  with  potas- 
sium bisulphate,  dissolve  the  fuse  in  water,  filter,  if  nec- 
essary, and  precipitate  the  titanic  acid  by  long  continued 
boilingf .  Pass  a  current  of  carbon  doxide  through  the  li- 
quid while  boiling,  and  replace  the  water  lost  by  evapora- 
tion. Wash  the  titanic  acid  with  water,  and  ignite,  after 
adding  a  little  solid  ammonium  carbonate.  If  a  portion 
of  the  titanic  acid  has  been  dissolved,  it  will  pass  into  the 
ammonium  hydroxide  precipitate.    Fuse  the  latter  with 


*  These  should  contain  no  non-volatile  constituents. 

t  [Compare:  Determination  of  Titanic  Acid  in  Magnetite.] 
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potassium  bisiilphate,  dissolve  the  fnse  in  cold  water,  fil- 
ter, and  pass  hydrogen  sulphide  through  the  filtrate  to  re- 
duce the  iron.  After  complete  reduction,  precipitate  the 
titanic  acid  as  given  above. 

NATROLITE. 

Hydrated  Silicate  of  Aluminum  and  Sodium  ;  occa- 
sionally with  small  amounts  of  Iron  and  Calcium. 

Digest  the  pulverized  and  dried  mineral  with  hydro- 
cliloric  acid,  and  proceed  as  given  above. 

Heat  the  filtrate  from  tlie  silica  to  boiling,  and  pre- 
cipitate the  iron  and  aluminum  with  a  slight  excess  of 
ammonium  hydroxide,  which  should  be  free  from  ammo- 
nium carbonate.  Heat  the  covered  dish  until  the  odor  of 
ammonia  can  scarcely  be  detected.  Filter,  and  wash  the 
precipitate  with  hot  water,  ignite  and  weigh. 

If  the  amount  of  calcium  present  is  very  large,  the 
precipitate  obtained  above  is  not  pure.  After  precipitat- 
ing with  ammonium  hydroxide,  at  once  acidify  with  ace- 
tic acid,  and  then  nearly  neutralize  with  ammonium  hy- 
droxide, leaving  the  solution  with  a  slight  acid  I'eaction. 
Or,  decant  the  clear  supernatant  liquid  through  a  filter, 
dissolve  the  precipitate  in  hydrochloric  acid,  dilate,  and  re- 
precipitate. 

The  weighed  alumina  contains  all  the  iron  as  ferric 
oxide,  and  also  generally  contains  a  small  amount  of  sil- 
ica. Dissolve  the  precipitate  in  strong  h3^drochloric  acid, 
evaporate  the  excess,  filter  out  the  silica  and  determine 
the  iron  in  the  filtrate  volumetrically. 

Precipitate  the  calcium  in  the  filtrate  from  the  iron 
and  aluminum  with  ammonium  oxalate,  and  ignite  the 
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precipitate  to  Ctalcium  oxide.  More  or  less  alkali  passes 
into  the  calcium  oxalate  ;  it  is  necessary,  therefore,  to  dis- 
solve the  precipitate  in  hydrocliloric  acid  after  filtration, 
and  reprecipitate  with  ammonium  hydroxide  and  a  few 
drops  of  ammonium  oxalate. 

The  filtrate  contains  ammonium  salts,  together  with 
the  sodium  in  the  form  of  sodium  chloride.  Evaporate  to 
dryness  in  a  platinum  or  porcelain  dish,  expel  the  ammo- 
nium salts  by  gentle  ignition,  and  transfer  the  non-volatile 
residue  to  a  weighed  platinum  crucible.  Cover,  ignite 
gently  and  weigh  as  sodium  chloride. 

Determination  of  Water: — Ignite  a  sample  of  the  dry 
powder  to  constant  weight  in  a  platinum  crucible.  It  is 
advisable  to  use  coarse  powder,  or  even  small  pieces,  for 
this  determination,  as  the  draught  of  the  flame  may  carry 
away  small  particles, 

PREHNITE. 

Hydrated  Aluminum-Calcium  Silicate,  ordinarily  with 
varying  amounts  of  Iron,  Manganese  and  Alkalies, 

The  analysis  may  be  executed  as  given  under  Natro- 
lite  ;  in  this  case,  however,  a  double  precipitation  of  the 
calcium  oxalate  is  necessary. 

As  prehnite  generally  contains  but  a  small  amount  of 
maganous  oxide  (up  to  0.3%)  the  latter  may  be  precip- 
itated as  maganous  sulphide  in  the  tiltrate  from  the  cal- 
cium oxalate,  by  the  addition  of  a  few  drops  of  ammonium 
sulphide.  Determine  as  maganous  sulphate,  as  given  on 
page  39. 

Acidify  the  filtrate  from  the  maganous  sulphide  with 
hydrochloric  acid,  heat  until  the  liquid  no  longer  smells 
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of  hydrogen  sulphide,  and  filter  off  the  sulphur.  Deter- 
mine the  alkalies,  as  usual,  in  the  filtrate. 

In  determining  the  water,  it  should  be  noted  that 
many  varieties  of  prehnite,  which  contain  organic  sub- 
stances, blacken  on  heating,  owing  to  decomposition  and 
carbonization  of  the  organic  matter,  and  become  white 
only  after  heating  for  some  time.  In  this  case,  the  wa- 
ter must  be  determined  by  direct  weighing.  See  pages  61 
and  171. 

If  it  is  desired  to  determine  the  organic  matter,  one 
of  the  methods  given  below  may  be  used.  A  weighed 
amount  of  the  substance  is  heated  with  copper  oxide  in  a 
current  of  oxygen,  and  the  resulting  carbon  dioxide 
weighed.    See  :  Organic  Analysis. 

DATOLITE. 

Hydrated  Calcium  Silicate,  witli  Calcium  Borate,  oc- 
casionally with  Aluminum  and  Magnesium. 

Treat  the  finely  pulverized  and  dried  mineral  as  given 
under  Natrolite.  After  separating  the  silica,  precipitate 
the  iron  and  aluminum  as  hydroxides,  with  ammonium 
hydroxide  free  from  carbonate.  The  precipitate  always 
contains  boric  acid.  To  remove  the  latter,  add  hydroflu- 
oric acid  or  ammonium  fluoride  to  the  j^recipitate  in  the 
crucible,  mix,  add  a  few  drops  of  sulphuric  acid  and  heat. 
This  volatilizes  the  boric  acid  as  boron  fluoride.  Add  a 
little  ammonium  carbonate  and  continue  the  heating  for 
some  time,  to  expel  the  sulphuric  acid. 

Precipitate  the  calcium  as  calcium  oxalate,  and  the 
magnesium  as  phosphate,  as  usual. 

The  boric  acid  is  generally  estimated  by  difference. 
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If  it  is  desired  to  determine  it  directly,  mix  a  weighed 
amount  of  the  silica  with  4  times  its  weight  of  potassium 
carbonate  and  fuse.  Digest  the  fuse  in  hot  water,  filter, 
and  wash  the  residue  with  hot  water.  Precipitate  alumi- 
num, calcium,  and  the  most  of  the  silicic  acid,  with  ammo- 
nium carbonate,  and  the  last  traces  of  the  silicic  acid  with 
a  solution  of  zinc  oxide  in  ammonium  hydroxide.  The 
solution  is  now  free  from  silica,  aluminum  and  calcium. 
Satui'ate  with  hydrofluoric  acid  and  evaporate  to  dryness 
in  a  platinum  dish. 

Treat  the  residue  with  a  20  %  solution  of  potassium 
acetate.  The  potassium  fluoborate  is  insoluble,  and  may 
be  determined  as  such,  as  given  on  page  166.  ' 

Determine  the  water  as  given  under  Natrolite. 

OLIVINE. 
Silicate  of  Iron  and  Magnesium. 

Digest  the  dried  mineral  with  hydrochloric  acid  and 
separate  the  silica,  as  usual.  The  residue  should  not  be 
heated  to  a  temperature  higher  than  that  of  the  water- 
baih,  otherwise  basic  salts  of  iron,  which  are  difficulty 
soluble  in  hydrochloric  acid,  are  formed.  Oxidize  the 
iron  in  the  filtrate  from  the  silica,  boil,  and  precipitate 
with  ammonium  hydroxide. 

Precipitate  the  magnesium,  as  usual,  in  the  filtrate. 
If  the  olivine  contains  aluminum,  the  latter  is  contained 
in  the  precipitate  with  the  iron.  In  this  case,  determine 
the  iron  volumetrically  in  a  special  sample. 

Many  olivines  contain  traces  of  copper,  tin,  manga- 
nese and  nickel.  Separate  the  first  two  with  hydrogen 
sulphide  in  the  filtrate  from  the  silica.    If  the  sulphide 


.178 


ILVAITE 


precipitate  is  not  very  small,  digest  with  sodium  sulphide, 
and  filter.  Determine  the  tin  in  the  filtrate  as  given  on 
page  84,  and  determine  the  insoluble  cuprous  sulphide,  as 
such. 

Add  ammonium  hydroxide  and  ammonium  sulphide 
to  the  filtrate  from  the  copper  and  tin,  filter  out  the  sul- 
phides of  nickel  and  manganese  and  treat  them  witli  a  mix- 
ture of  liydrocliloric  acid  and  hydrogen  sulphide  water. 
The  nickel  sulphide  is  insoluble  ;  ignite  with  access  of  air, 
and  weigh  at  NiO.  Precipitate  the  manganese  in  the  fil- 
trate, as  manganous  suli^hide. 

ILVAITE. 

Silicate  of  Ferric  and  Ferrous  Iron  and  Calcium  ;  or- 
dinarily with  small  amounts  of  Aluminum  and  Manga- 
nese. 

Decompose  the  mineral  with  hydrochloric  acid  and 
separate  the  silica,  as  usual.  Heat  the  filtrate  with  hy- 
drogen peroxide  or  nitric  acid  to  oxidize  the  iron,  neu- 
tralize the  solution  with  sodium  carbonate,  and  precipitate 
iron  and  aluminum  with  sodium  acetate.    See  page  120. 

The  precipitate  generally  contains  a  small  amount  of 
silica.  To  separate  the  latter,  digest  the  gently  ignited 
and  weighed  precipitate  with  strong  hydrochloric  acid, 
evaporate  the  excess,  dilute  with  water  and  filter.  The 
alumina  is  calculated  by  difference,  by  deducting  the  sil- 
ica found,  and  determining  the  iron  in  a  separate  sample. 
See  below. 

If  the  ferric  oxide  is  not  soluble  in  hydrochloric  acid 
by  reason  of  too  strong  ignition,  it  may  be  rendered  solu- 
ble by  fusion  with  potassium  bisulphate. 
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Precipitate  the  calcium  as  oxalate  in  the  filtrate  from 
the  ferric  acetate,  and  then  separate  the  manganese  as  sul- 
phide, after  neutralizing  with  ammonium  hydroxide. 

The  ferric  and  ferrous  iron  may  be  determined  as 
given  under  Magnetite,  or  the  mineral  may  be  dissolved 
in  an  atmosphere  of  carbon  dioxide,  then  diluted  to  a  defi- 
nite volume  without  filtering  out  the  silica,  and  the  fer- 
rous iron  determined  in  one-half  the  solution  and  the  total 
iron  in  the  other  half. 

ULTRAMARINE. 

Constituents:  Aluminum,  Sodium,  Silica  and  Sul- 
phur. As  a  rule,  small  amounts  of  Iron,  Calcium,  Potas- 
sium, Sulphuric  Acid  and  Chlorine,  are  also  present. 

Digest  the  dry  powder  with  hydrochloric  acid  ;  hydro- 
gen sulphide  will  be  evolved,  and  silica  (clay)  and  sul- 
phur will  be  deposited.  After  complete  decomposition, 
separate  the  silica,  as  usual.  Ignite  the  silica  and  sul- 
phur;  the  sulphur  will  be  burned,  and  the  silica  can  be 
weighed  as  such. 

The  silica  must  be  tested  for  impurities. 

Precipitate  the  sulphuric  acid  in  the  filtrate,  as  usual, 
with  barium  chloride,  and  then  remove  the  excess  of  the 
latter  with  dilute  sulphuric  acid. 

Separate  the  alumina  in  the  filtrate  from  the  barium 
sulphate,  by  two  precipitations,  and  test  the  precipitate  for 
silica,  after  ignition.  When  alumina  is  precipitated  in 
the  presence  of  sulphuric  acid,  the  latter  always  contam- 
inates the  i)recipitate.  The  aluminum  hydroxide  should 
therefore  be  strongly  ignited.  As  strong  ignition  renders 
the  alumina  difficulty  soluble  in  hydrochloric  acid,  it  must 


180 


ULTRAMARINE 


be  fused  with  potassium  bisulphate,  if  it  is  desired  to  de- 
termine the  iron.  Dissolve  the  fuse  in  cold  water  and  fil- 
ter off  the  silica.  A  separate  sample  may  also  be  used  for 
the  determination  of  iron. 

Determine  the  calcium  in  the  filtrate,  as  usual, 

Determination  of  Alkalies  : — Evaporate  the  filtrate  to 
dryness,  volatilize  the  ammonium  salts  by  gentle  ignition, 
and  weigh  the  alkalies  as  sulphates. 

Determination  of  Total  Sulphur  : — The  sulphur  can 
be  oxidized  to  sulphuric  acid,  as  given  on  page  147,  or  tlie 
sulphur  may  be  oxidized  by  potassium  chlorate  and  nitric 
acid,  Sp.  Gr.  1.36.  Add  25  cc.  of  nitric  acid  to  the  sub- 
stance in  a  covered  dish,  warm  on  the  sand-bath,  and 
then  add  potassium  chlorate  from  time  to  time.  When 
the  oxidation  is  complete,  cool,  add  hydrochloric  acid  and 
evaporate  to  dryness  on  the  water-bath.  Dissolve  the  res- 
idue in  water,  filter  off  the  silica  and  precipitate  the  sul- 
phuric acid  with  barium  chloride. 

If  the  solution  contains  undecomposed  potassium 
chlorate  or  nitrate,  the  precipitate  will  be  contaminated 
with  barium  chlorate  or  barium  nitrate.  The  barium 
chlorate  may  be  removed  by  digesting  the  ignited  precip- 
itate with  dilute  hydrochloric  acid;  the  barium  nitrate, 
however,  is  only  partly  removed. 

Care  must  therefore  be  taken  that  the  nitrates  are  all 
decomposed,  before  precipitating  with  barium  chloride. 
This  may  be  done  by  evaporating  to  dryness  several  times 
on  the  water-bath,  with  hydrochloric  acid. 

In  making  the  ^calculations,  the  amount  of  sulphuric 
acid  present  in  the  substance,  as  such,  must  be  deducted 
from  the  amount  found  after  oxidation  of  tlie  sulphur. 

The  free  sulphur  may  be  determined  by  extracting  a 
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weighed  amount  of  the  ultramarine  with  pure  carbon  bi- 
sulphide ;  evaporate  off  the  solvent  and  weighing  the  resid- 
ual sulphur,  after  drj^ing  at  .100°  C. 

If  it  is  desired  to  determine  the  sulphur  that  is 
evolved  as  hydrogen  sulphide  on  treating  with  hydro- 
chloric acid,  the  apparatus  shown  in  Fig.  34,  or  Fig.  21, 
may  be  used.  The  hydrogen  sulphide  is  oxidized  to  sul- 
]3hate. 


Fig.  34. 

The  decomposing  flask  K,  of  about  500  cc.  capacity,  is 
connected  on  one  side  with  a  hydrogen  or  carbon  dioxide 
generator,  and  on  the  other  side  with  an  absorption  tube  a, 
filled  with  glass  beads.  The  dropping  funnel  b,  whose 
lower  end  is  drawn  to  a  small  opening,  is  filled  with  an 
ammoniacal  solution  of  hydrogen  peroxide,  or  with  a  solu- 
tion of  bromine  in  10  %  potassium  bromide.    The  drop- 
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ping  funnel  d,  is  filled  with  hydrochloric  acid. 

The  other  hole  in  the  stopper  (cork,  not  rubber)  in  the 
upper  end  of  a,  is  provided  with  a  tube  which  leads  into  a 
cylinder  (not  shown  in  the  figure)  filled  with  dilute  sodium 
hydroxide.  The  latter  serves  to  absorb  liberated  bromine 
vapors. 

When  the  apparatus  is  ready,  place  the  weighed  sub- 
stance in  the  flask  K,  and  add  enough  water  to  immerse  the 
lower  end  of  the  tube  through  which  the  gas  enters.  Now 
add  the  oxidizing  solution  from  b,  drop  by  drop,  until  the 
lower  narrow  part  of  the  tube  is  full,  and  then  gradually 
open  the  stop-cock  of  the  funnel  d.  When  no  more  gas  is 
evolved  on  adding  acid,  gradually  heat  the  contents  of  the 
flask  to  boiling,  open  the  cock  c  and  pass  a  slow  current  of 
gas  until  all  the  hydrogen  sulphide  is  swept  over  and  ox- 
idized. If  bromine  solution  is  used  for  the  oxiding  agent, 
the  solution  is  gradually  decolorized;  open  the  lower  stop- 
cock and  allow  the  solution  to  run  out  into  a  beaker,  at  the 
same  time  replacing  it  with  fresh  solution  from  b.  Care 
must  be  taken  that  the  beads  are  always  moistened  with 
fresh  solution. 

In  no  case  should  enough  solution  collect  in  a,  to  cause 
the  liquid  to  back  up  into  the  wash  bottle  at  e.  No  more  li- 
quid should  be  collected  in  a,  than  the  pressure  of  the  gas 
generator  can  overcome. 

The  stop-cock  at  c,  should  be  a  3  way  cock, 
Fig.  35,  so  that  a  small  portion  of  the  gas  can 
be  tested  for  hydrogen  sulphide  with  lead  ace- 
tate paper. 

After  complete  decomposition,  wash  out 
the  tube  a,  with  water;  if  bromine  was  used, 
evaporate  the  excess  and  determine  the  sul- 
Fig.  3o.      phuric  acid,  as  usual.    The  sulphuric  acid  can 
be  determined  much  more  conveniently  if  hydrogen  perox- 


REFINING  SLAG 


183 


ide  is  used,  as  the  solution  contains  no  substances  whicli  in- 
fluence the  precipitation.    The  precipitate  is   also  more 
dense,  settles  quickly  and  is  easily  filtered. 
The  chlorine  may  be  determined  as  usual. 

REFINING  SLAG. 
Constituents  :    Ferric  and    Ferrous    Iron,  Metallic 
Iron,  Manganese,  Copper,  Aluminum,  Calcium,  Magne- 
sium, Silica,  Sulphuric  Acid,   Phosj^horic  Acid  and  Ti- 
tanic Acid. 

Finely  pulverize  the  slag  and  dry  at  100°  C.  Decom- 
pose a  weighed  sample  with  hydrochloric  acid,  and  sep- 
arate the  silica  as  usual.  If  the  slag  contains  titanic  acid, 
part  of  it  will  be  with  the  silica. 

The  method  of  analysis  is  the  same  as  was  given  un- 
der Iron  Ores,  to  which  reference  should  be  made. 

Ferrous  iron  is  best  determined  in  a  special  sample, 
by  decomposition  with  concentrated  sulphuric  acid  in  a 
sealed  tube*.  If  it  is  necessary  to  use  hydrochloric  acid  in 
the  decomposition,  and  the  ferrous  iron  is  to  be  titrated 
with  permanganate,  the  precautions  given  on  page  111, 
(note  I),  should  be  observed. 

If  the  slag  contains  metallic  iron,  it  may  be  deter- 
mined by  treating  5  grams  in  a  platinum  dish,  with  a 
solution  of  copper  sulphatef.  An  amount  of  copper 
equivalent  to  the  iron  will  be  deposited,  t 

After  standing  for  some  time,  with,  occasioned  stir- 
ring, filter  out  the  copper  and  undecomposed  slag,  wash 

*  [See:  Hillebrand  and  Stokes,  Relative  value  of  the  Mitscherlich 
and  hydrofluoric  acid  methods  for  ferrous  iron  determinations.  Jour. 
Am.  Chem.  Soc,  Vol.  22,  p.  625.] 

t  1 0  g-rams  of  CUSO4-I-7H2O  in  1  liter  of  water. 

:  CuSOH-Fe  =  FeSO^-l-Cu. 
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with  water  and  digest  with  nitric  acid  to  dissolve  the  cop- 
per. Expel  the  acid  by  evaporation  and  determine  the 
copper  as  given  on  page  64. 

If  the  slag  itself  contains  copper,  of  course  the  corre- 
sponding amount  should  be  subtracted. 


Fig.  33. 

The  preceding  method  gives  reliable  results  only  when 
the  slag  contains  no  substances  which  form  insoluble  com- 
pounds with  the  copper  sulphate. 
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G.  Neumann  has  based  a  method  for  the  determination 

of  metallic  iron  upon  the  determination  of  the  volume  of 

hydrogen  evolved  when  the  substance  is  treated  with  an 
acid  : 

Fe  -f  H2SO4  =  FeS04  -f-H2. 

The  apparatus  used  is  shown  in  Fig.  36. 

Place  the  substance  in  the  flask  K,  till  with  water, 
and  connect  with  the  measuring  tube  M.  Open  the  stop- 
cock a,  raise  the  levelling  tube  N,  and  allow  water  to  run 
into  K  until  the  opening  in  the  stop-cock  is  filled.  Now 
close  the  cock  a,  fill  the  levelling  tube  with  acid,  raise  it 
and  fill  the  tube  M,  and  close  the  cock  b.  Open  the  cock 
a  to  allow  the  acid  to  diffuse  downward ;  hydrogen  is 
evolved.  It  is  necessary  to  warm  the  flask  K  for  some 
time,  to  completely  decompose  the  slag.  The  -hydrogen 
collects  in  M,  and  its  volume  is  measured  after  the  appa- 
ratus has  assumed  the  temperature  of  the  room,  and  the 
gas  has  been  adjusted  to  atmospheric  pressure  with  the 
levelling  tube  N. 

See  Determination  of  Nitrogen  in  Iron,  for  the 
reduction  of  the  gas  volume  to  0°  C.  and  760  mm.  pres- 
sure. 

If  the  substance  evolves  hydrogen  sulphide  or  carbon 
dioxide,  after  complete  solution,  lower  N,  and  introduce 
potassium  hydroxide  colored  with  litmus  tincture  through 
the  funnel  above  b  ;  if  the  litmus  turns  red,  more  potas- 
sium hydroxide  must  be  added.  The  two  gases  mentioned 
will  be  completely  absorbed. 

The  ferrous  iron  formed  when  the  metallic  iron  is 
dissolved  in  acids,  must  be  subtracted  from  the  ferrous 
iron  found  in  the  special  sample. 

The  phosphoric  acid  and  sulphuric  acid  may  be  de- 
termined as  given  on  page  124, 
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COPPER  AND  LEAD  SLAGS. 

Constituents:  Ferrous  Iron,  Aluminum,  Manganese, 
Copper,  Lead,  Barium,  Calcium,  Magnesium,  Alkalies, 
Silica,  Sulphuric  Acid  and  Sulphur*. 

The  bases  may  be  determined  as  given  under  Psilo- 
melane,  page  135.  Decompose  the  slag  either  with  nitric 
acid,  or  with  a  solution  of  bromine  in  hydrochloric  acid, 
and  separate  the  silica  as  given  on  page  170. 

If  the  slag  contains  a  large  quantity  of  lead,  part  of  it 
may  be  separated  with  the  silica  in  the  form  of  crystalline 
lead  chloride,  and  can  be  washed  out  only  with  difficulty. 
In  this  case,  digest  the  silica  repeatedly  with  hot  water 
and  decant  onto  the  filter. 

Barium,  if  present,  will  also  be  found  with  the  silica, 
as  barium  sulphate.  Warm  the  weighed  precipitate  with 
hydrofluoric  acid,  or  mix  with  ammonium  fluoride  and 
volatilize  the  silica  as  silicon  tetrafluoride ;  weigh  the 
barium  sulphate  and  calculate  the  silica  by  difference. 

To  determine  the  lead,  add  sulphuric  acid  and  evap- 
orate to  expel  the  hydrochloric  acid.  Determine  the  lead 
sulphate  as  given  on  page  63. 

In  the  presence  of  much  iron,  the  lead  sulphate  may 
be  contaminated  with  that  element,  if  the  evaporation  is 
carried  too  far  ;  it  is  preferable,  therefore,  to  evaporate 
only  the  greater  part  of  the  hydrochloric  acid.  Now  add 
ammonium  hydroxide  until  a  permanent  precipitate  is 
formed,  and  then  dissolve  the  latter  in  sulphuric  acid. 
Add  one-third  the  volume  of  the  solution  of  alcohol  to  de- 
crease the  solubility  of  the  lead  sulphate. 


*  The  sl-d,g  may  also  contain;  Arsenic,  Antimony,  Bismuth,  Zinc, 
Cobalt,  Nickel,  etc.  For  the  determination  of  these  elements,  see 
analysis  of  Refined  Lead,  and  analysis  of  Black  Copper. 
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Expel  the  alcohol  from  the  filtrate,  precipitate  the 
copper  with  hydrogen  sulphide  and  determine  it  as 
cuprous  sulphide,  as  given  on  page  65.  If  antimony  or 
arsenic  are  present,  the  sulphide  precipitate  must  be  di- 
gested with  sodium  sulphide  ;  the  arsenic  and  antimony 
sulphides  dissolve  and  the  copper  sulphide  remains  insolu- 
ble. 

Boil  off  the  hydrogen  sulphide,  oxidize  the  iron,  pre- 
cipitate the  latter  as  basic  carbonate  or  acetate,  and  deter- 
mine the  manganese,  calcium  and  magnesium  in  the  fil- 
trate, as  usual. 

It  is  best  to  determine  the  alkalies  in  a  special  por- 
tion. Separate  the  silica,  pass  hydrogen  sulphide  to  pre- 
cipitate the  copper  group,  and  add  ammonium  sulphide 
and  ammonium  oxalate  to  the  filtrate.  After  complete 
precipitation,  filter,  and  decompose  the  excess  of  ammo- 
nium sulphide  with  hydrochloric  acid  ;  boil  off  the  hydro- 
gen sulphide  and  filter  out  the  sulphur.  Evaporate  the 
filtrate  to  dryness,  expel  the  ammonium  salts  by  gentle 
ignition  and  separate  the  magnesia  from  the  alkalies,  as 
given  on  page  105.  Determine  the  alkalies  as  sulphates. 
See  page  104  for  the  method  of  separation  of  the  alkalies. 

If  the  slag  evolves  hydrogen  sulphide  on  being 
treated  with  dilute  acid,  it  may  be  determined  as  given  on 
page  181. 

Determine  the  sulphuric  acid  in  a  special  portion. 

Determination  of  Silica  in  Silicates  not  Decomposable 

by  Acids. 

If  a  silicate  is  mixed  with  sodium  or  potassium  car- 
bonate and  fused,  a  more  basic  silicate,  which  is  decom- 
posable by  acids,  is  formed. 
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Finely  pulverize  the  silicate,  dry  it  at  100°  C,  mix 
with  about  9-10  times  its  weight  of  a  mixture  of  sodium 
and  potassium  carbonates  (5  :7),  by  stirring  with  a  plati- 
num spatula  or  glass  stirring  rod,  and  fuse  in  a  platinum 
crucible  until  no  more  carbon  dioxide  is  evolved  and  the 
mass  is  in  quiet  fusion.  If  an  ordinary  Bunsen  burner  is 
used,  about  half  an  hour  will  be  required  for  complete  de- 
composition ;  if  a  blast  lamp  is  used,  about  10  minutes 
will  be  sufficient.  If  a  platinum  dish  is  at  hand,  pour  the 
contents  of  the  crucible  into  it,  or  proceed  as  given  on  page 
64.  Add  about  20-30  times  the  amount  of  water  to  the 
fuse  in  a  beaker,  and  warm  on  the  water-bath  until  all 
soluble  matter  is  in  solution. 

Now  add  hydrochloric  acid  as  long  as  effervescence  is 
produced,  rinse  off  the  crucible,  warm  on  the  water-bath 
to  decompose  the  last  of  the  silicate  and  to  expel  the  ab- 
sorbed carbon  dioxide.  Evaporate  the  solution  to  dryness 
in  a  platinum  or  porcelain  dish,  to  separate  the  silica  held  in 
solution*,  and  heat  in  an  air-bath  at  120°  C.  until  the  res- 
idue appears  perfectly  dry  ;  proceed  as  given  on  page  172. 
To  be  certain  that  all  the  salts  pass  into  solution,  it  is  ad- 
visable to  treat  the  silica  a  few  times  with  warm,  dilute 
hydrochloric  acid  before  transferring  it  to  the  filter. 

Wash  the  silica  with  hot  water  until  all  the  salts  are 
washed  out ;  dry,  ignite  and  weigh,  as  given  on  page  173. 

Determination  of  Alkalies  in  Silicates  not  Decomposable 

by  Acids. 

If  a  silicate  is  decomposed  by  fusion  with  alkaline 

*  Under  certain  conditions,  the  silica  may  also  remain  entirely  dis- 
solved in  the  acid  used,  especially  if  a  large  excess  of  alkaline  carbonate 
was  used  in  the  decomposition;  this  may  also  happen,  if  there  is  but  a 
small  amount  of  silica  present. 
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carbonates,  the  determination  of  alkalies  is  excluded,  and 
other  means  of  decomposition  must  be  used  if  the  alkalies 
are  to  be  determined. 

Use  either  a  mixture  of  hydrofluoric  acid  and  sul- 
phuric acid,  pure  hydrofluoric  acid  or  ammonium  fluo- 
ride^. 

If  a  silicate  is  warmed  with  hydrofluoric  acid  or  am- 
monium fluoride,  volatile  silicon  tetrafluoride  is  formed; 
the  metals  remain  in  the  residue  as  fluorides.  On  treating 
the  metallic  fluorides  with  concentrated  sulphuric  acid, 
they  are  decomposed  and  form  soluble  sulphates. 

Decomposition  with  Hydrofluoric  Acid  : — Finely  pul- 
verize and  dry  the  mineral,  and  treat  it  in  a  platinum  dish 
with  concentrated  hydrofluoric  acid,  or  better,  with  a  mix- 
ture of  1  part  sulphuric  acid  (1  part  acid  to  1  part  water)  and 
2-3  parts  of  hydrofluoric  acid,  and  heat  nearly  to  boiling. 
When  decomposition  is  complete f ,  evaporate  to  dryness, 
and  heat  until  all  the  sulphuric  acid  is  expelled  ;  the  tem- 
perature should  not  be  raised  too  high,  as  the  bases  are 
rendered  difficultly  soluble. 

After  cooling,  warm  the  residue  with  concentrated  hy- 
drochloric acid,  add  a  little  water  and  continue  the  heating 
for  some  time.  If  a  part  of  the  residue  remains  undis- 
solved, it  may  be  undecomposed  mineral,  or  barium  sul- 
phate, if  the  mineral  contains  barium.  The  residue  should 
then  be  tested  qualitatively,  and  the  treatment  with  hydro- 
fluoric acid  repeated,  if  necessary. 

Decomposition  with  Ammonium  Fluoride: — In  decom- 
posing a  silicate,  ammonium  fluoride  has  the  advantage  over 
hydrofluoric  acid  that  it  is  easily  prepared  in  a  pure  state, 

*  It  should  be  noted  that  the  decomposition  of  silicates  by  hydroflu- 
oric acid  or  ammonium  fluoride,  is  much  facilitated  by  previous  ignition. 

t  Most  silicates  are  quickly  decomposed;  10-15  minutes  generally 
being  sufficient  time. 
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and  also  that  some  silicates,  which  are  but  slowly  attacked 
by  hydrofluoric  acid,  e.  g. ,  tourmaline,  are  easily  decom- 
posed by  ignition  with  ammonium  fluoride. 

Mix  the  finely  pulverized  and  dried  silicate  in  a  plat- 
inum crucible  with  7-8  times  its  weight  of  ammonium  fluor- 
ide, moisten  the  mass  with  a  little  water  and  warm  on  the 
water-bath  until  perfectly  dry;  then  heat  over  a  small  flame 
until  no  more  vapors  are  evolved.  To  decompose  metallic 
fluorides  and  silico-fluorides,  add  a  few  drops  of  concen- 
trated sulphuric  acid,  expel  the  excess  by  gentle  ignition 
and  then  dissolve  the  residue  in  hydrochloric  acid.  If  it  is 
desired  to  form  chlorides  of  the  bases,  the  method  described 
on  page  139,  foot  note,  may  be  used. 

[Decomposition  with  Ammonium  Chloride  and  Calcium 
Carbonate.  Method  of  J.  Lawrence  Smith'^: — Intimately  mix 
1  gram  of  finely  ground  silicate  with  an  equal  weight  of  gran- 
ular ammonium  chloride.  Add  8  grams  of  calcium  carbonate 
and  grind  the  entire  mass  so  as  to  obtain  an  intimate  mix- 
ture. Transfer  to  a  large  crucible,  cover  with  a  close-fit- 
ting cover  and  heat  carefully  for  a  few  minutes  to  decom- 
pose the  ammonium  chloride.  Gradually  heat  to  redness 
and  maintain  at  this  temperature  for  about  an  hour.  Cool, 
place  in  a  large  platinum  dish,  fill  the  crucible  with  water 
and  allow  to  digest  over  night.  Rinse  out  the  crucible,  add 
about  100  cc.  of  water,  and  heat  to  complete  disintegra- 
tion. Filter  into  another  platinum  dish  and  wash  wdth 
hot  water  ;  add  about  1.5  grams  of  pure  ammonium  car- 
bonate, evaporate  on  the  water-bath  until  the  volume  of 
the  solution  is  reduced  to  about  40  cc.  ;  add  a  little  more 
ammonium  carbonate  and  a  few  drops  of  ammonium  hy- 
droxide and  filter  on  a  small  filter.  Evaporate  the  filtrate 
carefully,  after  adding  a  few  drops  of  ammonium  carbon- 
ate do  be  sure  that  all  the  calcium  has  been  precipitated, 

*  [Am.  Jour.  Sci.  Vol.  50,  p.  269.1 
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If  any  further  precipitate  appears,  filter  into  a  platinum 
crucible  and  evaporate  to  dryness.  Heat  carefully  to  dull 
redness  to  expel  ammonium  salts,  cool  and  weigh  as  potas- 
sium-sodium chloride.  Separate  the  alkalies  as  given  on 
page  103.] 

Decomposition  of  Silicates  With  Boric  Oxide ♦ 

According  to  Jannasch,  silicates  may  also  be  decom- 
posed by  fusion  with  boric  oxide.  Tire  advantage  of  this 
method  over  the  others  is  that  it  neither  introduces  foreign 
substances  (alkalies)  into  the  solution,  nor  eliminates  one 
of  the  essential  constituents  of  the  silicate  (silica),  as  after 
solution,  the  boric  oxide  is  completely  volatilized. 

On  fusion,  the  mass  commonly  froths,  and  it  is  advis- 
able to  effect  the  decomposition  in  a  crucible  of  50-60  cc. 
capacity.  Place  about  1-1.25  grams  of  the  very  finely 
pulverized  silicate  in  the  crucible  and  mix  with  from  3-8 
times  as  much  alkali-free  boric  oxide  that  has  previously 
been  fused  and  finely  pulverized*.  Feldspar  requires 
about  8  times  as  much  boric  oxide  for  decomposition,  as 
was  taken  of  silicate  for  analysis. 

The  crucible  should  be  heated  at  first  over  a  small 
flame,  until  the  moisture  is  expelled,  and  the  temperature 
then  increased  until  complete  fusion  is  efi'ected  ;  allow  to 
remain  in  quiet  fusion  for  about  10  minutes,  and  then  heat 
for  about  15  minutes  over  the  blast  lampf. 

Dip  the  glowing  hot  crucible  in  cold  water,  after  cov- 
ering it  to  avoid  loss  by  decrepitation.    Transfer  the  fused 

*  The  pulverized  boric  oxide  should  leave  no  residue  when  heated 
with  the  methyl  chloride  described  below. 

t  Jannasch  is  of  the  opinion  that  the  decomposition  is  effected  either 
by  the  boric  oxide  expelling-  the  silica  at  the  high  temperature  used,  or 
by  boro-silicates  being-  formed,  which  are  decomposable  by  hydrochloric 
acid. 
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mass  to  a  porcelain  dish,  add  about  200-250  cc.  of  boiling 
water  and  50-75  cc.  of  hydrochloric  acid  ;  stir  and  heat 
until  all  is  in  solution  except  a  few  particles  of  silica. 
Dissolve  the  particles  adhering  to  the  crucible  with  hydro- 
chlo2'ic  acid,  and  add  to  the  solution  in  the  dish.  Evap- 
orate the  solution  on  the  water-bath,  when  the  silica  will 
separate  in  a  gelatinous  form  ;  constant  stirring  is  now 
necessary  to  bring  the  mass  to  diyness. 

To  remove  the  boric  oxide,  heat  the  mass  with  methyl 
chloride  which  forms  volatile  boric  ether.  Heating  with 
methyl  alcohol  and  hydrochloric  acid  will  not  form  the 
ether ;  it  is  therefore  necessary  to  previously  form  the 
ester  by  saturating  about  250  cc.  of  pure  anhydrous  meth- 
yl alcohol  with  dry  hydrochloric  acid  gas  ;  an  ordinary 
alcohol  washing  bottle,  with  ground  glass  stopper,  answers 
very  well. 

After  being  made  for  some  time,  the  ester  loses  its  ef- 
fectiveness ;  it  may  be  regenerated,  however,  by  again 
saturating  with  hydrochloric  acid  gas. 

Add  about  60-75  cc.  of  methyl  chloride  to  the  dry 
residue,  stir  until  all  the  soluble  matter  is  in  solution  and 
heat  on  the  water-bath  to  75-80""  C,  while  constantly 
stirring. 

As  soon  as  the  alcohol  is  all  expelled,  repeat  the  oper- 
ation, rinsing  down  the  particles  of  boric  acid  that  adhere 
to  the  sides  of  the  dish.  A  third  and  fourth  evaporation 
with  methyl  chloride  is  advisable  to  remove  the  last  traces 
of  boric  oxide. 

After  heating  the  dry  mass  as  given  on  page  172, 
treat  the  residue  further,  as  there  described. 

It  is  recommended  to  evaporate  the  filtrate  from  the 
silica  a  second  time,  (for  greater  certainty,  treat  the  res- 
idue again  with  methyl  chloride)  to  separate  the  small 
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amount  that  passed  into  solution  during  the  first  treat- 
ment. 

After  weighing  the  silica,  never  neglect  to  moisten  it 
with  10-15  drops  of  dilute  sulphuric  acid  and  then  to  heat 
it  with  pure  hydrofluoric  acid  ;  any  residue  remaining  af- 
ter this  treatment  cannot  be  silica,  and  should  be  sub- 
tracted from  the  original  weight. 

The  decomposition  with  boric  oxide  can  also  be  used 
for  determining  silica  in  quartz.  The  method  is  a  gener- 
ally applicable  one. 

Decomposition  of  Silicates  by  Hydrochloric  Acid  Under 

Pressure. 

As  the  glass  of  the  pressure-tube,  as  w^ell  as  the  min- 
eral, is  attacked  by  the  acid,  Jannasch  places  the  sub- 
stance in  a  platinum  tube  of  the  form  shown  in  Fig.  37 

1(1/3  the  natural  size).    The  tube  can  be  closed  by 
a  cap  into  which  a  platinum  tube  is  soldered  ;  on 
the  side  of  the  tube  there  is  a  small  loop  to  which 
a  platinum  wire  can  be  fastened  and  by  means  of 
which  the  tube  can  be  introduced  into,  and  re- 
moved from,  the  glass  tube. 
After  placing  the  pow^dered  silicate  in  the  tube, 
add  about  10  cc.  of  hydrochloric  acid  (4  Vol.  acid 
to  1  Vol.  water),  mix  w^itli  a  platinum  wire,  close 
the  tube  with  the  cap  and  lower  it  by  means  of  a 
platinum  wire,  into  a  strong- walled  pressure  tube 
of  potash  glass.    Add  sufficient  hydrochloric  acid 
Fig.  37.  to  surround  the  platinum  tube  up. to  about  half  its 
height  and  then  draw  out  the  end  of  the  tube  to  a  strong 
capillary  and  seal  it  off,  after  replacing  the  air  by  carbon 
dioxide.    In  an  atmosphere  of  carbon  dioxide  the  platinum 
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is  attacked  less  than  in  an  atmosphere  of  air  ;  however, 
traces  of  platinum  are  always  dissolved.  Especial  care 
should  be  taken  that  the  acid  used  contains  no  free 
chlorine. 

To  effect  complete  decomposition,  the  tube  should  be 
heated  at  a  temperature  of  190-250°  C.  for  10-12  hours, 
in  a  bomb  furnace.  After  cooling  the  tube,  open  it  and 
empty  the  contents  into  a  porcelain  dish.  Evaporate  to 
dryness,  stirring  the  contents  of  the  dish  towards  the  end 
of  the  evaporation  ;  filter  off  the  silica  as  given  on  page 
170.  A  protracted  heating  in  an  air-bath,  to  render  the 
silica  insoluble,  is  not  necessary  in  this  method.  On  ac- 
count of  the  exceedingly  fine  subdivision  of  the  silica,  a 
double  filter  should  be  used.  Treat  the  filtrate  with  hy- 
drogen sulphide,  to  precipitate  the  small  amount  of  plati- 
num dissolved. 

FELDSPAR. 

Potassium-Sodium-Aluminum  Silicate,  with  Iron, 
Calcium  and  Magnesium. 

Determination  of  Silica,  Alumina,  Ferric  Oxide,  Cal- 
cium and  Magnesium  : — Finely  pulverize  the  mineral,  dr^Mt 
at  100°  C.  and  fuse  it  with  4-5  times  its  weight  of  potas- 
sium-sodium carbonate  and  determine  the  silica  exactly  as 
given  on  page  188.  The  mineral  may  also  be  decomposed 
by  boric  oxide.    See  page  19 J . 

Separate  the  alumina  in  the  filtrate  from  the  silica, 
by  a  double  precipitation  w^ith  ammonium  hydroxide  free 
from  ammonium  carbonate.  See  :  Natrolite,  page  174. 
If  the  feldspar  contains  iron,  it  may  be  determined  vol- 
ume trically,  after  solution  of  the  precipitate  in  hydro- 
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chloric  acid  or  fusion  with  potassium  bisulphate.  If  the 
iron  is  present  in  considerable  quantity,  it  is  better  to  de- 
termine it  in  a  special  sample  of  the  substance. 

The  silica  found  on  dissolving  the  ignited  alumina 
precipitate  in  hydrochloric  acid,  must  be  subtracted  from 
the  weight  of  the  alumina  ^.nd  added  to  the  weight  of  the 
silica  originally  found. 

Calcium  and  magnesium  are  separated,  as  usual,  with 
ammonium  oxalate  and  sodium-ammonium  phosphate,  re- 
spectively. 

Determination  of  Alkalies  : — Decompose  the  mineral 
with  hydrofluoric  acid  or  ammonium  fluoride*,  and  pro- 
ceed as  given  above.  If  the  sample  taken  for  the  princi- 
pal analysis  was  decomposed  by  boric  oxide,  the  alkalies 
may  be  determined  in  the  same  sample.  In  the  hydro- 
chloric acid  solution,  precipitate  the  alumina  with  ammo- 
nium hydroxide  and  the  calcium  with  ammonium  oxalate. 
Precipitate  the  sulphuric  acid  in  the  filtrate  from  the  cal- 
cium oxalate,  with  barium  chloride,  filter,  and  precipitate 
the  excess  of  barium  with  ammonium  carbonate  ;  separate 
the  magnesia  from  the  alkalies,  as  given  on  page  105. 
Determine  the  potassium  as  potassium-jjlatinic  chloride, 
as  given  on  page  104  ;  the  sodium  is  obtained  by  diff'er- 
ence. 

CLAY.f 

Hydraied  Aluminum  Silicate.  Always  contains  more 
or  less  Ferric  and  Ferrous  Iron,  Manganese,  Calcium  and 

*  [Or  by  the  method  of  J.  Lawrence  Smith.    See  page  190.] 

t  For  the  mechanical  analysis  of  Clay,  refer  to  Fresenius:  "Unter- 

suchung  der  wichtigsten  Nassauischen  Thone"  Jour.  f.  prakt.  Chem.. 

Vol.  57,  p.  66. 


196 


CLAY 


Magnesium,  Carbon  Dioxide,  Alkalies,  Organic  Matter, 
Quartz  Sand  and  Titanic  Acid."^ 

To  determine  the  silica,  mix  the  finely  pulverized 
clay  with  9-10  times  its  weight  of  potassium-sodium  car- 
bonate, and  fuse.  Dissolve  the  fused  mass  in  hydrochloric 
acid,  and  separate  and  determine  the  silicaf,  alumina  and 
iron  as  given  on  page  123.  Dissolve  the  weighed  alumina- 
iron  precipitate  in  dilute  sulphuric  acid  (8  parts  acid  :  3 
parts  water),  filter  out  the  silica,  reduce  the  iron  with  zinc 
and  titrate  with  permanganate.  See  Volumetric  Analy- 
sis. 

Precipitate  the  calcium  as  oxalate,  in  the  filtrate  from 
the  alumina,  etc.,  evaporate  the  filtrate  to  dryness  and 
volatilize  the  ammonium  salts  by  gentle  ignition.  Dis- 
solve the  residue  in  dilute  hydrochloric  acid  and  deter- 
mine the  magnesia  as  given  on  page  27.  If  the  clay  con- 
tain^ manganese,  it  will  be  found  with  the  calcium  ;  de- 
termine it  iodometrically  (page  149),  or  as  sulphide  (page 
144),  after  solution  of  the  precipitate.  The  manganese 
sliotild  be  calculated  to  Mn203,  and  its  weight  subtracted 
from  that  of  the  calcium  precipitate. 

Determine  the  alkalies  in  a  special  sample,  in  case 
boric  oxide  was  not  used  for  the  decomposition.  Dissolve 
the  fused  mass  in  hydrochloric  acid,  precipitate  the  silica, 
alumina,  iron,  manganese,  calcium  and  magnesium  by  the 
addition  of  ammonium  hydroxide,  ammonitim  oxalate  and 
a  little  ammonium  sulphide,  and  filter.  Acidify  with  hy- 
drochloric acid,  to  decompose  the  excess  of  ammonium 
sulphide,  filter  out  the  sulphur,  evaporate  to  dryness  and 

*  See  pag-e  123,  for  the  determination  of  titanic  acid,  and  the  volu- 
metric determination  of  iron  in  the  presence  of  titanic  acid, 
t  The  silica  must  be  tested  for  purity  as  given  on  page  173. 
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volatilize  the  ammonium  salts.  Separate  the  magnesia 
from  the  alkalies  as  given  on  page  105. 

If  the  clay  contains  sand,  besides  chemically  com- 
bined silicic  acid,  it  may  be  determined  as  follows  :  Heat 
a  weighed  sample  in  a  platinum  crucible  with  an  excess  of 
concentrated  sulphuric  acid  for  10-12  hours,  allowing  the 
acid  to  slowly  evaporate.  Dissolve  the  residue  by  warm- 
ing with  hydrochloric  acid,  filter  out  the  silica  and  sand, 
and  separate  them  as  given  on  page  127. 

If  the  clay  contains  pyrites,  the  sulphur  ma}^  be  de- 
termined by  oxidizing  a  sample  with  concentrated  nitric 
acid  and  potassium  chlorate ;  expel  the  nitric  acid  by 
evaporation  with  hydrochloric  acid,  and  precipitate  the 
sulphuric  acid  by  barium  chloride. 

The  hygroscopic  water  can  be  determined  by  heating 
the  air-dried  clay  for  a  long  time  in  an  air-bath  at  120°  C. 

Presupposing  the  cla}^  to  contain  neither  organic  mat- 
ter nor  ferrous  iron,  the  water  of  constitution  may  be  de- 
termined by  igniting  a  weighed  sample  in  a  platinum  cru- 
cible. Otherwise,  the  water  must  be  determined  directly 
as  given  on  pages  61  and  170  ;  in  which  case  the  ^loss  on 
ignition'  would  give  approximately,  the  amount  of  water 
and  organic  matter,  as  there  is  generally  but  little  ferrous 
iron  present. 

If  the  clay  contains  carbonate,  the  4oss  on  ignition' 
is  not  at  all  applicable,  as  carbon  dioxide  would  be 
evolved. 

In  any  case,  it  is  best  to  determine  these  constituents 
directly,  as  given  under  the  preceding  examples. 
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GLASS*. 

Constituents :  Potassium,  Sodium,  Aluminum,  Cal- 
cium, Magnesium,  Silica,  Sulphuric  Acid,  Phosphoric 
Acid,  and  Boric  Acid. 

In  colored  glasses,  the  metals  giving  the  various  col- 
ors, must  be  considered.  If  the  glass  contains  only  potas- 
sium, sodium,  aluminum,  iron,  calcium,  magnesium  and 
silica,  the  method  given  under  Feldspar  may  be  used. 

If  the  glass  contains  easily  reducible  metals,  e.  g. 
lead  and  tin,  add  a  little  potassium  nitrate  before  fusion f. 

If  the  glass  contains  lead  silicate,  the  silica  must  be 
repeatedly  washed  with  hot  water  to  remove  the  lead 
chloride.  Precipitate  the  lead  as  sidphide,  in  the  filtrate 
from  the  silica,  by  passing  hydrogen  sulphide.  Boil  off 
the  hydrogen  sulphide,  oxidize  the  iron  with  nitric  acid 
and  use  the  solution  for  the  determination  of  the  remain- 
ing metals. 

Tin,  if  present  in  the  glass,  will  be  found  in  greater 
part  with  the  silica  ;  after  weighing  the  silica,  digest  it 
with  sodium  sulphide  or  ammonium  sulphide,  filter,  and 
determine  the  tin  in  the  filtrate,  as  given  on  page  84.  The 
filtrate  from  the  silica  should  also  be  tested  for  tin,  and  if 
both  tin  and  lead  are  present,  sex:)arate  their  sulphides  by 
digestion  with  ammonium  sulphide  ;  the  insoluble  lead 
sulphide  may  be  determined  as  such,  and  the  tin  may  be 
determined  in  the  filtrate  as  given  on  page  84,  after  acid- 
ifying with  dilute  sulphuric  or  hydrochloric  acid. 

In  the  presence  of  manganese,  the  alumina  should  be 

*  Porcelain  and  Kaolin  may  also  be  analyzed  by  the  same  method. 
See  also:  Analysis  of  Clay. 

t  [When  fusing  substances  containing-  an  easily  reducible  metal, 
care  must  be  exercised  or  the  platinum  will  be  alloyed,  and  the  vessel 
ruined.] 
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precipitated  with  sodium  acetate,  after  neutralization  with 
sodium  carbonate,  instead  of  precipitating  it  with  ammo- 
nium hydroxide  ;  precipitate 'the  manganese  in  the  filtrate 
from  the  alumina,  with  ammonium  sulphide. 

Cobalt,  if  present,  will  be -precipitated  with  the  man- 
ganese. Dissolve  the  sulphides  in  hydrochloric  acid,  with 
the  addition  of  a  little  nitric  acid,  concentrate,  and  sep- 
arate the  cobalt  as  potassium-cobalt  nitrite  as  given  on 
page  34  ;  precipitate  the  manganese  in  the  filtrate  as  sul- 
phide. Manganese  and  nickel  may  also  be  separated  by 
nitroso-/9-naphthoL 

If  the  glass  contains  zinc,  the  alumina  should  be  sep- 
arated as  basic  acetate,  and  the  zinc  precipitated  in  the 
filtrate  by  hydrogen  sulphide. 

Sulphuric  acid  may  be  precipitated  with  barium 
chloride  in  the  filtrate  from  the  silica,  and  the  excess  of 
barium  removed,  with  dilute  sulphuric  acid,  after  filtering 
out  the  barium  sulphate. 

In  the  analysis  of  a  glass  which  contains  phosphoric 
acid,  e.  g.  alabaster  glass,  after  separating  the  silica,  pre- 
cipitate the  phosphoric  acid  with  metallic  tin  as  given  on 
page  149,  and  use  the  filtrate  for  the  determination  of  the 
other  elements. 

See  page  165  for -the  determination  of  Boric  Acid. 

EPIDOTE. 

Silicate  of  Aluminum,  Iron  and  Calcium,  together 
with  Ferrous  Iron,  Manganese,  Magnesium,  Potassium, 
Sodium  and  Water. 

To  determine  the  silica  and  the  metals  with  the  ex- 
ception of  the  alkalies,  fuse  the  pulverized,  dry  mineral, 
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with  potassium-sodium  carbonate,  and  separate  the  silica 
as  given  on  page  187.  Heat  the  filtrate  with  hydrogen 
peroxide  or  nitric  acid,  and  separate  the  iron  and  alumina 
from  manganese  and  the  alkaline  earths,  by  sodium  ace- 
tate, after  neutralization  with  sodium  carbonate. 

Filter  out  the  basic  acetates  of  iron  and  alumina,  and 
precipitate  the  manganese  as  sulphide,  and  the  calcium 
and  magnesium,  as  usual. 

Ferric  and  ferrous  iron  may  be  determined  quite  ac- 
curately by  decomposing  the  finely-ground  mineral  with 
sulphuric  acid  in  a  sealed  tube,  and  then  titrating  with 
permanganate.  Subtract  the  total  iron,  calculated  to  fer- 
ric oxide,  from  the  weight  of  the  alumina. 

Cooke  decomposed  the  mineral  in  an  atmosphere  of 
carbon  dioxide  and  steam,  to  protect  the  ferrous  iron  from 


Fig.  SS.  Fig.  39. 

oxidation.  A  water-bath,  Figs,  38  and  39,  with  a  constant- 
level  attachment,  may  be  used,  by  soldering  the  tube  a  on 
the  upper  part ;  carbon  dioxide,  generated  from  a  Kipp's 

apparatus,  is  passed  into  the  apparatus  through  the 
tube  a. 
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The  cover  of  the  water-bath  is  provided  with  a  depres- 
sion ill  which  to  set  the  funnel  d.  The  ring  carrying  the 
platinum  crucible  should  have  a  number  of  holes  punched 
in  it,  to  allow  the  steam  to  rise  in  the  funnel ;  the  steam 
condenses  on  the  sides  of  the  funnel,  runs  down  into  the 
depression  and  forms  a  seal  against  the  entrance  of  air. 

Determine  by  a  preliminary  experiment,  the  minimum 
amount  of  hydrofluoric  acid  that  must  be  added  to  sul- 
phuric acid  of  Sp.  Gr.  1.5,  to  decompose  the  mineral. 
Place  about  .5  grams  of  the  finely  pulverized  mineral  in  a 
platinum  crucible,  add  the  necessary  amount  of  sulphuric 
acid  and  hydrofluoric  acid*  and  stir  with  a  platinum  spat- 
ula. Now  place  the  crucible  on  the  water-bath,  cover 
with  the  funnel  and  fill  the  depression  wdth  water,  replace 
the  air  in  the  apparatus  by  carbon  dioxide,  heat  the  water 
in  the  bath  to  boiling  and  continue  the  passage  of  the  car- 
bon dioxide  until  the  funnel  is  filled  wath  steam.  After 
complete  decomposition,  remove  the  flame  from  beneath 
the  bath,  again  pass  carbon  dioxide,  and  allow  a  current 
of  cold  water  to  run  through  the  water-bath  to  hasten  the 
cooling. 

During  the  decomposition,  the  contents  of  the  cruci- 
ble may  cake  together  and  prevent  further  action  of  the 
acid  ;  in  that  case,  remove  the  burner,  fill  the  funnel  with 
carbon  dioxide  and  stir  the  contents  of  the  crucible  with  a 
strong  platinum  wire  introduced  through  the  stem  of  the 
funnel.  Rinse  off  the  platinum  ware  and  continue  the 
heating,  at  the  same  time  checking  the  current  of  carbon 
dioxide. 

*  Commercial  hydrofluoric  acid  should  not  be  used  direct,  as  it  gen- 
erally contains  organic  substances  which  are  oxidizable  by  permangan- 
ate. The  acid  must  first  be  distilled  from  a  platinum  retort,  after  addi- 
tion of  permanganate. 
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Determine  the  alkalies  as  given  under  Feldspar.  The 
most  accurate  method  for  determining  the  water  is  b}'  di- 
rect weighing.    See  pages  76  and  170. 

BLAST  FURNACE,  CUPOLA,  AND  BESSEMER 

SLAGS. 

Constituents  :  Ferrous  and  Ferric  Iron,  (under  certain 
conditions,  Metallic  Iron),  Manganese,  Aluminum,  Cop- 
per, Lead,  Zinc,  (Barium),  Calcium  and  Magnesium,  (Al- 
kalies), Silica,  Titanic  Acid,  Sulphuric  Acid,  Phosphoric 
Acid,  and  Sulphur  (as  Calcium  Sulphide). 

If  the  slag  is  decomposable  by  concentrated  hydro- 
chloric acid,  digest  a  sample  with  a  solution  of  bromine  in 
hydrochloric  acid  and  evaporate  to  dr^mess.  Moisten  the 
dry  residue  with  hydrochloric  acid,  add  water  and  warm  ; 
filter  off  the  silica  and  again  evaporate  to  dryness. 

If  the  slag  contains  titanic  acid,  it  is  necessary  to  re- 
peatedly" wash  the  silica  with  warm,  dilute  hydrochloric 
acid.  If  the  slag  contains  barium,  it  will  be  found  with 
the  silica  in  the  form  of  sulphate  ;  determine  the  weight 
of  silica  +  barium  sulphate,  fuse  the  mixture  with  so- 
dium carbonate,  and  proceed  as  given  in  the  determination 
of  barium  in  Barite. 

Determine  the  remaining  bases  as  given  in  the  pre- 
ceding examples. 

If  the  slag  is  not  decomposable  by  hydrochloric  acid, 
proceed  as  given  in  the  analysis  of  Epidote.  Fuse  the 
slag  with  potassium-sodium  carbonate  and  first  remove 
the  alkaline  salts  by  extraction  with  water.  After  separ- 
ating the  silica,  the  filtrate  may  be  used  for  the  determi- 
nation of  sulphuric  acid,  as  given  on  page  124. 
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The  phosphoric  acid  is  determined  in  a  special  sam- 
ple.   See  :  Hematite. 

T]ie  following  method  may  also  be  used  to  determine 
the  metals  in  the  slag.  Fuse  the  finely  pulverized  slag 
with  potassium-sodium  carbonate,  and  separate  the  silica* 
as  given  under  Natrolite.  In  the  presence  of  titanic  acid, 
use  an  excess  of  hydrochloric  acid  to  dissolve  the  residue, 
and  determine  the  titanic  acid  as  given  on  page  124. 

If  the  slag  contains  lead  or  copper,  precipitate  them 
in  the  filtrate  from  the  silica,  after  reducing  the  iron  with 
sulphuric  dioxide,  by  passing  hydrogen  sulphide.  If  both 
metals  are  present,  dissolve  the  sulphide  precipitate  in 
nitric  acid  and  separate  the  lead  from  the  copper 
with  sulphuric  acid  ;  if  but  one  of  the  two  metals  is  pres- 
ent, the  sulphide  precipitate  may  be  ignited  in  a  current 
of  hydrogen  and  weighed  as  such. 

Boil  off  the  hydrogen  sulphide,  oxidize  the  iron  with 
hydrogen  peroxide  or  nitric  acid,  and  precipitate  the  iron 
and  alumina  with  sodium  acetate.  The  precipitate  should 
be  tested  for  silica  and  titanic  acidf.    See  page  173. 

Add  acetic  acid  to  the  filtrate,  and  precipitate  the  zinc 
by  hydrogen  sulphide  ;  the  manganese  may  be  precipitated 
in  the  filtrate  from  the  zinc,  by  the  addition  of  ammonium 
sulj)liide. 

Filter  out  the  manganous  sulphide,  and  determine 
the  calcium  and  magnesium,  as  usual. 

Determine  the  ferrous  iron  according  to  the  method 
given  under  Epidote,  or  Magnetite. 


*  See  page  186,  for  the  determination  of  barium  sulphate  in  the 
presence  of  silica. 

t  For  the  determination  of  barium  sulphate  in  silica,  see  above. 
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The  method  for  determining  metallic  iron  is  given  on 
page  185. 

To  determine  the  alkalies,  decompose  a  special  sample 
according  to  one  of  the  methods  given  on  page  188,  and 
proceed,  in  general,  as  given  under  Copper  and  Lead 
Slags. 

If  the  slag  contains  calcium  sulphide,  determine  the 
sulphur  by  oxidizing  the  liberated  hydrogen  sulphide  with 
hydrogen  peroxide  or  bromine  solution.  See  pages  80  and 
180. 

Determine  sulphuric  acid  and  phosphoric  acid  as 
given  under  Hematite. 

TOURMALINE.^ 

^  Constituents  :  Ferric  and  Ferrous  Iron,  Manganese, 
Aluminum,  Calcium,  Magnesium,  Potassium,  Sodium, 
Lithium,  Silica,  Boric  Acid,  Fluorine,  Phosphoric  Acid 
and  Water. 

Determination  of  Silica  and  Boric  Acid  : — Pulverize 
and  dry  the  mineral,  and  fuse  a  sample  with  4  times  its 
weight  of  potassium  carbonate  ;  dissolve  the  fuse  in  water, 
filter  out  the  insoluble  matter  and  w^ash  it  thoroughly  w^ith 
hot  water.  The  filtrate  contains  all  of  the  boric  acid  to- 
gether with  a  part  of  the  alumina  and  silica  ;  the  latter 
are  precipitated  with  ammonium  carbonate  or  ammoniacal 
zinc  oxide,  as  given  under  Datolite.  After  the  filtrate  has 
been  entirely  freed  from  silica  and  alumina,  it  may  be 
used  for  the  determination  of  boric  acid.  See  :  Ulexite, 
page  164. 

*  [Compare:  Riggs.  Bull.  55,  U.  S.  Geol.  Surv.,  p.  19,  and  S.  L.  Pen- 
field  and  H.  W.  Foote,  Am.  Jour.  Sci.,  1899,  Vol.  7,  pp.  97-125.] 
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Unite  the  original  insoluble  matter  and  the  precipitate 
produced  by  ammonium  carbonate  and  zinc  oxide,  add  hy- 
drochloric acid,  and  determine  the  silica  as  given  under 
Natrolite,  page  174. 

Determine  the  iron,  aluminum,  manganese,  calcium, 
magnesium  and  phosphoric  acid,  in  a  special  sample.  De- 
compose it  by  fusion  with  potassium-sodium  carbonate, 
and  proceed  as  given  under  Epidote. 

Determination  of  Potassium,  Sodium  and  Lithium  : — 
Ignite  a  sample  of  the  mineral  at  a  full  red  heat  for  about 
an  hour,  decompose  with  hydrofluoric  acid  or  ammonium 
fluoride,  and  follow  the  method  given  under  Psilomelane, 
page  135. 

Fluorine  is  generally  calculated  by  difference  ;  a  di- 
rect method  is  given  on  page  150.  The  final  precipitate 
obtained  by  calcium  chloride,  consists  of  calcium  fluoride 
and  calcium  carbonate  ;  calcium  borate  wnll  also  be  pre- 
cipitated if  the  mineral  contains  boric  acid.  The  latter, 
together  w^th  tlie  calcium  carbonate,  is  dissolved  when 
the  precipitate  is  treated  with  acetic  acid. 

Determine  the  water  as  given  on  page  170. 

CHROMITE. 

Constituents:  Chromic  Acid,  Ferrous  and  Ferric 
Iron,  Alumina  and  Magnesia;  occasionally  with  Mangan- 
ese and  Silica  as  impurities. 

A  number  of  methods  for  decomposing  chromite  have 
been  recommended,  of  w^hich  the  follow^ing  have  been 
found  to  be  the  most  effective. 

It  is  to  be  noted  that  the  various  varieties  of  the  ore 
behave  differentl}-  towards  fluxes,  and  any  one  method 


206 


CHROMITE 


cannot  be  recommended  as  the  best,  without  preliminary 
experiments. 

Mix  the  very  finely  pulverized  ore  with  3  times  its 
weight  of  soda-lime,  add  1/4  its  weight  of  sodium  nitrate 
and  ignite  for  about  2  hours  in  a  platinum  crucible  (Cal- 
vert). 

Or,  mix  about  .5  gram  of  the  ore  with  about  4  grams 
of  a  mixture  of  1  part  potassium  chlorate  and  3  parts  soda- 
lime,  and  ignite  at  a  red  heat  for  about  2  hours  (Brit- 
ton).  According  to  Dittmar,  the  ore  may  be  decomposed 
by  fusing  .5  gram  with  5-6  grams  of  a  mixture  of  2  parts 
of  borax  glass  and  3  parts  of  potassium-sodium  carbonate  ; 
the  mixture  should  previously  be  fused  to  expel  the  carbon 
dioxide. 

,  [A  very  effective  method  for  decomposing  chromite  is 
by  fusion  with  4-5  parts  of  pure  sodium  peroxide.  The 
ore  is  completely  decomposed  in  15-20  minutes,  and  fur- 
thermore does  not  require  extra  fine  pulverization.  Thor- 
oughly mix  the  ore  and  sodium  peroxide  w^ith  a  platinum 
spatula,  and  heat  at  first  with  a  very  small  flame  ;  the 
mixture  fuses  at  a  very  low  temperature  and  tends  to 
spattei',  if  heated  too  strongly.* 

A  copper  or  nickel  crucible  should  be  used  for  the  de- 
composition and  under  no  circumstances  should  a  plati- 
num vessel  be  us€d,  as  it  will  be  ruined.] 

The  preceding  metliods  are  especially  recommended 
when  chromium  and  iron  alone  are  to  be  determined.  Ex- 
tract the  fused  mass  with  water,  and  filter  ;  the  filtrate 
contains  all  the  chromic  acid.  The  iron  can  be  deter- 
mined in  the  residue. 


*  [McKenna,  Eng.  and  Min.  Jour.,  1898,  p.  607.] 
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For  a  complete  analysis  of  the  mineral,  fuse  about  .5 
gram  of  the  ore  with  about  4  grams  of  pure,  previously 
ignited  sodium  carbonate,  for  about  2  liours  in  a  covered 
platinum  crucible  at  a  low  red  heat*. 

In  the  determination  of  chromium  alone,, if  the  de- 
composition was  effected  by  soda-lime,  the  solution  wdll 
contain  silica,  alumina  and  calcium  as  well  as  the  chro- 
mate.  Acidify  with  hydrochloric  acid,  pass  hydrogen  sul- 
phide, filter,  and  evaporate  the  filtrate  to  dryness  on  the 
water-bath  ;  dehydrate  at  110°  C,  as  usual. 

After  cooling,  warm  the  residue  w^ith  dilute  hydro- 
chloi'ic  acid,  dilute  with  water,  filter  out  the  silica  and 
wash  it  with  hot  water.  To  separate  the  chromium  from 
the  aluminum,  the  former  must  be  oxidized  to  chromic 
acid.  For  this  purposs,  neutralize  the  solution  with  so- 
dium carbonate,  add  sodium  acetate  in  excess,  and  either 
pass  chlorine  gas,  or  add  bromine  water  until  the  solution 
is  colored. 

Now^  precipitate  the  alumina  with  ammonium  hydrox- 
ide, filter,  reduce  the  chromic  acid  and  precipitate  it  as 
hydroxide. 

As  seen  above,  the  gravimetric  determination  of 
chromium  is  very  tedious.  In  practice,  therefore,  the 
chromium  is  generally  determined  volumetrically.  For 
this  purpose,  dissolve  the  fused  mass  in  water,  acidify 
with  sulphuric  acid  and  add  a  weighed  excess  of  ferrous- 
ammonium  sulphate,  FeS04.(NH4)2  SO4+6II2O  ;  titrate 
the  unoxidized  ferrous  iron  with  permanganate.  6  equiv- 
alents of  ferrous  iron  require  2  equivalents  of  chromic  acid 
for  oxidation  to  ferric  iron.    See  :  Siderite,  page  113. 


*  It  should  not  be  forg-otten  that  the  crucible  will  be  attacl<:ed,  and 
that  sometimes  considerable  platinum  will  pass  into  solution. 
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The  chromium  may  be  titrated  in  a  similar  manner, 
if  either  of  the  other  methods  have  been  used  for  the  de- 
composition. 

Gravimetric  Determination  of  Chromium  : — Digest 
the  fuse  \yith  water,  filter,  acidify  the  solution  and  precip- 
itate the  platinum  by  passing  hydrogen  sulphide.  Sep- 
arate the  silica  by  evaporation,  filter,  and  determine  the 
chromium  as  chromic  oxide,  Cr203,  according  to  one  of  the 
methods  given  on  page  43. 

The  portion  of  the  fuse  insoluble  in  water,  contains 
the  iron,  aluminum,  manganese,  calcium  and  magnesium. 
Proceed  as  given  under  Siderite. 

According  to  Jannasch,  the  ore  may  also  be  decom- 
posed by  heating  for  8-10  hours  at  a  temperature  of  270- 
2)90°  C.  in  a  sealed  tube  witli  a  mixture  of  4  parts  of  hy- 
drochloric acid  and-1  part  Avater.  If  chromium  only  is  to 
be  determined,  the  sample  and  acid  may  be  placed  directly 
in  the  tube  ;  if,  however,  a  complete  analysis  is  to  be  made, 
the  mineral  should  l)e  placed  in  the  platinum  tube  de- 
scribed under  Decomposition  of  Silicates,  as  the  glass  is 
attacked  b}^  the  acid  at  a  high  temperatiii'e. 

Empty  the  contents  of  the  tube  into  a  porcelain  dish, 
evaporate  to  dryness,  dissolve  in  hydrochloric  acid  and 
water,  and  filter  out  the  silica.  Pass  hydrogen  sulphide 
through  the  filtrate  to  precipitate  tlie  platinum.  The  so- 
lution of  the  platinum  can  be  largely  prevented  by  filling 
the  tube  with  carbon  dioxide. 

Proceed  as  given  on  page  207. 

To  make  a  direct  determination  of  the  ferrous  iron 
contained  "in  cliromite,  place  about  .5  gram  of  the  finel}' 
pulverized  ore  in  a  pressure  tube,  add  10  cc.  of  sulphuric 
acid,  Sp.  Gr.  1.34,  displace  the  air  by  carbon  .dioxide,  seal 
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the  tube  and  heat  it  in  a  paraffin-bath  for  about  10  hours 
at  a  temperature  of  250-300°  C.  When  the  mineral  is  de- 
composed, break  off  the  tip  of  the  tube,  rinse  out  the  con- 
tents, and  determine  the  ferrous  iron  by  titration  with 
permanganate*. 

ZIRCON. 

Zirconium,  Iron,  Calcium  and  Silica. 

The  mineral  is  difficultly  decomposable  by  acids,  or 
by  fusion  with  sodium  carbonate ;  the  decomposition, 
however,  can  be  effected  very  easily  by  fusion  with  potas- 
sium acid  fluoride.  After  the  decomposition,  add  concen- 
trated sulphuric  acid,  evaporate  the  excess  of  the  acid,  and 
precipitate  the  zirconia  with  ammonium  hydroxide.  Wash 
the  precipitate  with  hot  water,  ignite  and  weigh  as  ZrOs. 
Observe  the  precautions  given  under  Determination  of 
Alumina,  page  108. 

If  the  zircon  contains  iron,  it  will  be  found  in  the  pre- 
cipitate of  zirconia;  in  this  case,  add  to  the  solution  a 
quantity  of  tartaric  acid  sufficient  to  prevent  the  precipi- 
tation of  either  iron  or  zirconia  by  ammonium  hydroxide. 
Now  precipitate  the  iron  with  ammonium  sulphide.  Fil- 
ter, wash,  ignite  to  Fe203  and  weigh. 

Evaporate  the  filtrate  to  dryness  in  a  platinum  dish, 
and  ignite  the  residue  to  destroy  the  tartaric  acid.  The 
combustion  of  the  carbon  can  be  very  materially  hastened 
by  moistening  the  residue  with  a  saturated  solution  of  am- 
monium nitrate,  and  repeating  the  ignition  ;  if  necessary, 
repeat  the  ignition  with  ammonium  nitrate. 

If  no  bases  (calcium,  etc.,)  other  than  those  intro- 

*  [See  Foot  Note,  p.  183.] 
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duced  during  the  decomposition,  are  present,  the  residue 
obtained  above  may  be  repeatedly  digested  with  boiling 
water,  and  the  insoluble  i^ortion  determined  as  Zr02. 
Otherwise,  heat  the  residue  with  ammonium  fluoride,  dis- 
solve in  hydrochloric  acid  and  precipitate  with  ammonium 
hydroxide.  Filter  off  the  zirconium  hydroxide  and  deter- 
mine the  calcium  in  the  filtrate,  as  usual. 

To  determine  the  silica,  a  separate  portion  must  be 
decomposed  by  fusion  with  sodium-potassium  carbonate. 
Dissolve  the  fuse  in  hydrochloric  acid  and  separate  the 
silica  as  given  on  page  188. 

Linnemann,  in  the  analysis  of  zircon,  used  gaseous 
hydrofluoric  acid  to  remove  the  admixed  silicates ;  the 
solution  is  effected  by  allowing  the  acid  to  act  for  about  a 
day.  Linnemann  decomposed  the  insoluble  residue  of  zir- 
con, by  fusing  it  with  4  parts  of  a  mixture  of  10  parts  so- 
dium hydroxide  and  1  part  sodium  fluoride. 

PYRITE. 

Constituents  :  Sulphur  and  Iron  ;  ordinarily  contains 
Arsenic,  Antimony,  Copper,  Lead,  (Gold),  Zinc,  Nickel, 
Cobalt,  Manganese,  Barium,  Magnesium  and  Quartz, 
(Selenium) . 

In  most  cases,  the  sulpliur  contained  in  compounds 
decomposable  by  aqua  regia  is  the  only  constituent  de- 
termined in  pyrites,  as  the  other  compounds  of  sulphur 
are  not  available  for  the  manufacture  of  sulphuric  acid. 

Lunge  has  recommended  the  following  method  :  The 
moisture  is  determined  by  drjdng  a  sample  of  the  coarse- 
ly pulverized  mineral  at  105°  C.  to  constant  weight.  Oxi- 
dize ,5  gram  with  10  cc.  of  a  mixture  consisting  of  3  vols. 
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of  nitric  acid,  Sp.  Gr.  1.4,  and  1  vol.  of  strong  hydro- 
chloric acid.  Moisten  the  residue  with  hydrochloric  acid, 
add  about  100  cc.  of  hot  water,  filter,  and  wash  wdth  hot 
water.  The  insoluble  residue  may  contain  silica  and  sili- 
cates, together  with  sulphates  of  lead,  barium  and  cal- 
cium ;  ignite  and  w^eigh  as  insoluble  matter. 

Boil  the  filtrate,  precipitate  with  ammonium  hydrox- 
ide, and  add  barium  chloride  to  the  solution  containing 
the  precipitate  of  iron*  ;  acidify  w^ith  hydrochloric  acid, 
and  proceed  as  given  on  page  24.  Determine  the  barium 
sulphate  as  given  on  page  25. 

To  determine,  the  total  sulphur  in  pyrites,  mix  the 
finely  pulverized  substance  in  a  platinum  crucible,  wdth 
about  10  times  its  weight  of  a  mixture  of  4  parts  sodium 
carbonate  and  1  part  potassium  chlorate,  and  fuse,  begin- 
ning with  a  gentle  heat.  After  cooling,  transfer  w^ith  hot 
water  to  a  beaker,  filter  off  the  insoluble  matter  and  w^ash 
it  with  hot  w^ater.  Acidify  the  filtrate  with  hydrochloric 
acid  and  evaporate  to  dryness  to  separate  the  silica.  Pre- 
cipitate tlie  sulphuric  acid  in  the  filtrate,  as  usual. 

Determination  of  Copper,  Lead,  Arsenic  and  Anti- 
mony : — The  simplest  method  for  determining  these  con- 
stituents is  the  modified  Fisher's  Method,  given  on  page 
91.  First  eliminate  the  arsenic,  and  then  precipitate  the 
lead,  arsenic  and  antimony  remaining  in  the  distilling 
flask,  w^ith  hydrogen  sulphide.  Digest  the  sulphide  pre- 
cipitate with  sodium  sulphide,  to  separate  the  antimony 
sulphide.  Determine  the  antimony  according  to  the 
method  given  on  page  79.  The  separation  of  coi^per  from 
lead  has  been  given  above,  page  65. 


*  Kuester  and  Thiel.  Zeit.  Anorg-an.  Chem.,  Vol.  19,  p.  97. 
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Determine  iron,  manganese,  cobalt,  nickel,  calcium 
and  magnesium,  in  a  special  sample.  First  precipitate 
the  hydrogen  sulphide  group.  (Lead,  copper,  antimony, 
arsenic).  Add  ammonium  hydroxide  and  ammonium  sul- 
phide to  the  filtrate.  Treat  the  precipitate  with  a  mixture 
of  hydrochloric  acid  and  hydrogen  sulphide  water  (page 
136),  filter  off  the  insoluble  sulphides  of  cobalt  and  nickel 
and  separate  them  as  given  on  page  33.  Iron  and  man- 
ganese, as  well  as  calcium  and  magnesium,  may  be  deter- 
mined as  usual. 

Determination  of  Gold  : — If  the  mineral  is  fused  with 
the  sodium  carbonate  potassium  chlorate  mixture  men- 
tioned above,  and  the  cooled  mass  is  extracted  with  water, 
the  gold  will  be  found  in  the  insoluble  residue.  However, 
as  the  amount  of  gold  is  extremely  small,  a  larger  quan- 
tity of  substance  must  be  taken  and  the  decomposition  ef- 
fected in  a  Hessian  crucible. 

Ignite  the  insoluble  residue  consisting  principally  of 
ferric  oxide,  in  a  current  of  hydrogen,  and  dissolve  the  re- 
duced iron  (nickel,  cobalt,  etc.)  in  dilute  nitric  acid.  If  a 
portion  is  insoluble  in  nitric  acid,  dissolve  it  in  aqua  regia, 
filter  out  the  silica  and  evaporate  the  filtrate  to  dryness  on 
the  water-bath. 

Dissolve  the  residue  in  water,  add  it  to  the  principal  so- 
lution, acidify  with  a  few  drops  of  dilute  sulphuric  acid,  and 
filter.  Add  an  excess  of  concentrated  ferrous  sulphate  or 
oxalic  acid  solution,  and  warm  for  some  time.  Filter  out 
the  precipitated  metallic  gold,  wash,  ignite  and  weigh. 

If  the  pyrite  contain  selenium,  as  is  commonly  the  case 
with  Spanish  ore^,  fuse  the  finely-pulverized  substance  with 

*  In  the  manufacture  of  sulphuric  acid,  the  selenium  passes,  in  part 
at  least,  into  the  acid.  In  the  manufacture  of  sodium  sulphate,  it  passes 
into  the  hydrochloric  acid,  and  is  g-enerally  detected  by  the  red  color 
imparted  to  the  acid.  After  standing  for  some  time,  it  settles  out  in 
the  form  of  a  red  deposit. 
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a  mixture  of  2  parts  sodium  carbonate  and  1  part  potassium 
nitrate,  extract  with  water  and  reduce  the  selenic  acid  to 
selenous  acid  by  warming  with  hydrochloric  acid;  the  selen- 
ium can  now  be  precipitated  in.  the  elemental  form  with 
sulphur  dioxide.    See:  Uraninite. 

The  substance  may  also  be  fused  with  potassium  cyan- 
ide in  a  current  of  hydrogen;  the  selenium  then  forms  po- 
tassium-selenium cyanide,  soluble  in  water.  Dissolve  in 
water,  and  precipitate  the  selenium  in  the  elemental  form 
by  supersaturation  with  hydrochloric  acid.  A  small  amount 
will  require  several  days  for  complete  precipitation.  As  a 
portion  of  the  selenium  may  form  selenide,  and  be  volatil- 
ized as  hydrogen  selenide  on  acidifying  with  hydrochloric 
acid,  the  water  solution  of  the  fused  mass  should  be  boiled 
for  some  time  to  form  selenium  cyanide. 

Another  method  consists  in  heating  the  finely  pulver- 
ized mineral  in  a  current  of  oxygen  in  a  combustion  tube, 
and  conducting  the  products  of  combustion  into  an  absorp- 
tion vessel  containing  water,  in  which  the  selenium  is 
precipitated. 

ROASTED  PYRITES. 

The  slight  amount  of  Lead,  Copper,  Zinc,  Manganese, 
Aluminum,  Calcium  and  Magnesium,  may  be  determined 
by  Rothe's  method,  given  under  Pig  Iron ;  the  Ferric 
Chloride  is  extracted  by  ether,  w^hile  the  remaining  metals 
remain  as  chlorides,  w^hen  the  solution  is  evaporated. 

Dissolve  10  grams  of  the  pyrites  in  hydrochloric  acid, 
with  the  addition  of  a  little  potassium  chlorate.  Evapo- 
rate the  solution  to  dryness  and  dehydrate  at  120°  C.  ; 
dissolve  the  residue  in  25  cc.  of  hydrochloric  acid  and  60 
cc.  of  water.    If  the  separated  silica  is  not  pure  white, 
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fuse  it  with  potassium-sodium  carbonate,  and  separate  the 
Xjure  silica  as  given  on  page  187.  Boil  the  filtrate,  acidify 
with  hydrochloric  acid,  and  precipitate  the  slight  amount 
of  iron,  aluminum  and  lead  with  ammonium  hydrox- 
ide ;  dissolve  the  precipitate  in  hydrochloric  acid  and  add 
to  the  main  solution.  The  filtrate  from  the  silica  should 
also  be  tested  with  sodium  sulphide,  for  traces  of  copper, 
zinc  and  manganese  ;  if  any  of  these  elements  be  found, 
dissolve  the  precipitate  in  hydrochloric  acid  and  add  to 
the  main  solution. 

The  precipitation  is  necessary,  as  the  alkaline  salts 
are  precipitated  in  etherial  solution,  and  clog  the  appara- 
tus. 

Concentrate  the  solution  in  a  porcelain  dish,  until 
fumes  of  hydrochloric  acid  are  driven  off.  Treat  the  con- 
tents of  the  dish  as  given  under  the  ether  extraction  of 
iron  in  analysis  of  Pig  Iron.  If  a  small  amount  of  lead 
chloride  separates  out,  it  does  not  interfere  with  the  oper- 
ation as  it  can  easily  be  brought  into  solution  a.gain. 

After  freeing  the  solution  from  iron,  precipitate  the 
copper,  lead  and  antimony  w^ith  hydrogen  sulj)hide,  and 
separate  the  antimony  sulphide  from  the  remaining  sul- 
phides, by  extraction  with  sodium  sulphide,  as  usual. 

Separate  the  aluminum  and  the  trace  of  iron  still  in 
solution,  from  the  zinc  and  manganese,  by  the  acetate 
method.  The  separation  and  determination  of  the  indi- 
vidual metals,  as  well  as  the  determination  of  the  calcium 
and  magnesium,  may  be  made  as  usual. 

Arsenic,  if  present,  will  be  partly  or  completely 
volatilized  on  heating  the  hydrochloric  acid  solution,  and 
must  be  determined  in  a  separate  portion.  The  same  is 
true  of  antimony  in  a  less  degree,  and  if  extreme  accuracy 


ARSENOPYRITE.  CHALCOPYRITE 


215 


is  desired,  a  separate  portion  of  tlie  substance  must  be 
used  for  their  determination. 

AIISENOPY.RITE, 

MISPICKEL. 

Iron,  Arsenic,  (Antimony),  and  Sulphur. 

The  method  may  be  inferred. from  the  preceding  ex- 
amples. To  determine  arsenic,  antimony  and  other 
metals  of  the  hydrogen  sulphide  group,  evaporate  on  the 
water-bath  and  remove  the  nitric  acid  by  repeated  evapo- 
ration with  sulphuric  acid.  Separate  the  arsenic  from  the 
other  metals  by  the  method  given  on  page  94,  and  precip- 
itate the  antimon}^  in  the  liquid  remaining  in  the  distil- 
ling flask-,  by  passing  hydrogen  sulphide.  If  lead  and 
copper  are  present,  proceed  as  given  in  the  analysis  of  Py- 
rite. 

Determine  the  iron  and  the  remaining  metals  of  the 
ammonium  sulphide  group,  in  the  filtrate  from  the  hydro- 
gen sulphide  precipitate. 

CHALCOPYKITE. 

Constituents:  Copper,  Iron,  (Arsenic,  Antimony), 
Sulphur,  and  Quartz. 

The  analysis,  in  general,  is  the  same  as  given  under 
Pyrite.  In  the  absence  of  arsenic  and"  antimony  all  the 
constituents  can  be  determined  in  the  same  solution. 

Dissolve  the  mineral  in  aqua  regia,  adding  hydro- 
chloric acid  from  time  to  time.  Filter  out  the  quartz, 
wash,  ignite  and  weigh  it  as  insoluble  matter.  Precip- 
itate the  sulphuric  acid  with  barium  chloride,  remove  the 
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excess  of  the  latter  with  dilute  sulphuric  acid,  and  precip- 
itate the  copper  with  hydrogen  sulphide.  Boil  off  the 
excess  of  the  latter,  oxidize  the  iron  with  hydrogen  perox- 
ide or  nitric  acid,  and  precipitate  the  iron  with  ammo- 
nium hydroxide. 

If  the  mineral  contains  arsenic,  it  is  best  to  follow 
the  method  given  under  Pyrite. 

If  antimony,  as  well  as  arsenic,  is  present  in  con- 
siderable quantity,  mix  the  finely  pulverized  mineral  with 
about  4  times  its  weight  of  ammonium  chloride  and 
gently  heat  in  a  covered  crucible  ;  this  volatilizes  almost 
all  of  the  arsenic  and  antimony  and  the  greater  part  of  the 
iron,  in  the  form  of  chlorides.*  Digest  the  residue  with 
nitric  acid,  and  proceed  as  given  above. 

Many  methods  have  been  recommended  for  the  volu- 
metric determination  of  copper;  the  two  that"  have  ac- 
quired the  most  extended  use,  will  be  given. 

Determination  of  Copper  with  Sodium  Thiosulphate  : 
—If  potassium  iodide  is  added  to  the  solution  of  a  cup- 
ri^m  salt,  cuprous  iodide  will  be  precipitated,  and  an 
equivalent  amount  of  iodine  will  be  liberated.  The  free 
iodine  can  be  determined  with  thiosulphate.  See  :  Volu- 
metric Analysis,  Sodium  Thiosulphate  and  Iodine. 

To  determine  the  coj^per  by  this  method,  dissolve  the 
cuprous  sulphide  in  nitric  acid  and  evaporate  to  dj'yness. 
Dissolve  the  salt  in  water,  add  an  excess  of  potassium  io- 
dide and  titrate  with  sodium  thiosulphate,  using  starch 
solution  as  an  indicator. 

If  extreme  accuracy  is  not  required,  dissolve  the  ore 
in  aqua  regia,  evaporate  down  to  nitrates,  dissolve  in  wa- 


*  Classen,  Zeit.  f.  anal,  Chem.,  Vol.  18,  p.  388. 
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ter,  precipitate  with  ammonium  hydroxide,  filter,  and 
wash  the  precipitate  and  insoluble  matter.  Acidify  the 
filtrate  with  hydrochloric  acid  and  treat  the  solution  as 
given  above. 

The  iron  precipitate  invariably  retains  copper  ;  to  re- 
cover this,  dissolve  the  soluble  portion  of  the  precipitate 
in  hydrochloric  acid,  and  repeat  the  precipitation. 

Determination  of  Copper  with  Potassium  Cyanide 
When  a  solution  of  a  cupric  salt,  e.  g.,  Cu(N03)2,  is  sat- 
urated with  ammonium  hydroxide,  a  deep  blue  solution 
results,  containing  Cu(N03)2.  4NH3*    If  a  solution  of  po- 
tassium  cyanide  is  now  added,  the  blue  color  disappears, 
owing  to  the  formation  of  the  colorless  double  cyanide  : 
2[Cu(N03)2.4NH3]  +5KCN  +  H20=Cu2(CN)2.2KCN 
+  KOCN  +  2KNO3+ 2NH4NO3+ 6NH3. 

The  end  reaction  is  the  disappearance  of  the  blue 
color. 

The  potassium  cyanide  solution  should  be  standardized 
against  an  ammoniacal  solution  of  a  known  amount  of 
copper  ;  this  may  be  obtained  by  dissolving  10  grams  of 
copper  in  nitric  acid,  saturating  with  ammonium  hydrox- 
ide and  diluting  to  1  liter. 

This  method  gives  accurate  results  only  when  the 
same  conditions  are  observed  in  standardizing  the  solu- 
tion and  in  the  actual  analysis.  The  method  is  recom- 
mended for  the  determination  of  co]3per  in  low  grade  ores. 

Steinbeck  has  recommended  the  following  method:  — 
Dissolve  4  grams  of  the  finely  pulverized,  low-grade  ore 
in  40-50  cc.  of  commercial  hydrochloric  acid,  Sp.  Gr.  1.16, 
and  6  cc.  of  dilute  nitric  acid,  Sp.  Gr.  1.10,  by  gently 


*  [The  blue  solution  probably  contains  this  compound  in  a  hydrated 
condition.] 
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warming  at  first  for  1/2  hour  and  then  boiling  for  10-15 
minutes.  This  dissolves  all  the  copper,  as  well  as  lead, 
zinc,  iron,  manganese  and  cobalt.  Filter,  and  precipitate 
the  copper  in  the  filtrate  with  metallic  zinc,  or  prefer- 
ably, with  cadmium.  Test  a  drop  of  the  solution  with 
ammonium  hydroxide  to  ascertain  when  reduction  is  com- 
plete. 

Pour  off  the  supernatant  solution,  wash  the  copper 
with  water  by  decantation,  and  dissolve  it  in  8  cc.  of  1.20 
nitric  acid.  Cool  the  solution,  add  10  cc.  of  ammonium 
hydroxide  (1  vol.  ammonium  hydroxide  Sp.  Gr.  .93,  and 
2  vols,  water)  and  then  titrate  with  ]30tassium  cyanide. 

The  potassium  cyanide  solution  should  be  standard- 
ized against  a  copper  solution  of  the  same  concentration, 
and  containing  the  same  amount  of  ammonium  nitrate. 
The  reagent  should  be  added  in  the  same  manner,  and  at 
the  same  rate,  in  both  cases. 

Mohr  advises  to  dissolve  the  ore  in  nitric  acid  and 
sulphuric  acid,  or  hydrochloric  acid  and  excess  of  sul- 
phuric acid,  and  to  evaporate  to  dryness.  The  filtrate  is 
then  free  from  hydrochloric  acid,  nitric  acid  and  lead ; 
pure  lead-free  copper  can  now  be  obtained  by  reduction 
with  zinc.  It  is  then  simpler  to  weigh  the  copper  di- 
rectly, than  to  dissolve  again  and  determine  volumetri- 
cally. 

[Electrolytic  Determination  of  Copper  : — Weigh  out 
enough  of  the  mineral  to  give  a  deposit  of  100-150  milli- 
grams of  copper.  Dissolve  in  a  small  casserole,  in  20  cc. 
of  cone,  nitric  acid,  5  cc.  of  cone,  hydrochloric  acid,  and  5 
cc.  of  cone,  sulphuric  acid,  and  heat  on  a  hot  plate  until 
all  the  copper  is  dissolved,  and  fumes  of  sulphuric  anhy- 
dride are  evolved.    Cool,  add  50  cc.  of  distilled  water, 
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heat  until  all  the  copper  sulphate  is  dissolved  and  then 
filter  out  the  silica,  etc.,  receiving  the  filtrate  in  a  No.  1 
beaker.  Wash  the  residue  with  hot  water,  until  free  from 
copper.  Nearly  neutralize  the  excess  of  sulphuric  acid 
with  ammonium  hydroxide,  then  add  2-3  cc.  of  cone,  ni- 
tric acid. 

It  is  best  to  deposit  the  copper  on  a  cylindrical  elec- 
trode having  an  area  of  at  least  10  sq.  in.  Clean  the  cath- 
ode by  washing  in  potassium  hydroxide,  dilute  nitric  acid 
and  then  with  alcohol ;  heat  the  electrode  to  redness,  cool 
in  the  dessicator,  and  weigh.  The  anode  may  be  a  small- 
er cylinder,  or  a  spiral  of  stout  platinum  wire.  Connect 
the  cathode  with  the  negative  pole  of  the  source  of  current 
and  the  anode  with  the  positive  pole.  The  two  electrodes 
must  not  be  in  contact,  and  they  should  reach  nearly  to 
the  bottom  of  the  beaker.  The  current  must  have  a  volt- 
age of  at  least  1.24  volts,  to  decompose  copper  sulphate, 
and  from  0.1-0.25  amp.  will  give  an  adherent  coating. 
Continue  the  passage  of  the  current  until  the  solution 
gives  no  test  for  copper  with  hydrogen  sulphide  water,  on 
a  white  tile.  When  the  copper  is  all  deposited,  siphon  off 
the  solution,  replacing  with  distilled  water,  until  the  elec- 
trodes are  sufficiently  washed.  Disconnect  the  cathode, 
rinse  with  alcohol,  dry  at  a  gentle  heat  so  that  the  copper 
will  not  oxidize,  cool  in  the  dessicator  and  weigh.  The 
increase  in  weight  is  copper.] 

NICKEL  OR  COPPER  MATTE. 

Nickel,  Cobalt,  Zinc,  Iron,  Copper,  Lead,  Arsenic 
Antimony,  Sulphur  and  Gangue. 

It  is  most  convenient  to  determine  the  constituents  in 
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two  separate  portions.  Dissolve  the  finely  powdered  sub- 
stance in  aqua  regia,  by  digesting  on  the  water-bath. 

To  determine  the  arsenic,  antimony,  lead  and  copper, 
or  to  separate  the  arsenic  from  the  remaining  metals,  the 
aqua  regia  must  be  evaporated,  and  the  evaporation 
repeated,  after  addition  of  sulphuric  acid.  See  page  215. 
The  arsenic  can  now  be  volatilized  in  the  form  of  chloride, 
as  given  on  page  90,  and  the  antimony,  lead  and  copper, 
precipitated  as  sulphides,  from  the  solution  left  in  the  dis- 
tilling flask.  The  separation  of  these  metals  has  been  de- 
scribed above. 

Before  determining  the  other  metals  in  the  second 
portion,  the  metals  of  the  hydrogen  sulphide  group  must 
be  removed*.  In  this  connection,  it  should  be  remem- 
bered that  arsenic  pentasulphide  is  precipitated  very 
slowly,  and  that  the  gas  must  be  passed  for  some  time, 
first  warming  the  solution,  and  then  allowing  it  to  become 
cold. 

Filter  out  the  sulphide  precipitate,  boil  off  the  hydro- 
gen sulphide  from  the  filtrate  and  oxidize  the  iron ; 
precipitate  the  latter  with  ammonium  hydroxide,  and  fil- 
ter. As  the  ferric  hydroxide  still  contains  a  small  amount 
of  nickel,  cobalt  and  zinc,  dissolve  the  washed  precipitate 
in  hydrochloric  acid,  neutralize  with  ammonium  hydrox- 
ide or  ammonium  carbonate,  and  precipitate  the  iron  as 
basic  carbonate  by  boiling.    See  page  119. 

The  iron  precipitate  should  be  tested  for  nickel  and 
cobalt,  and  the  precipitation  repeated,  if  necessary. 

Separate  the  zinc  from  the  cobalt  and  nickel,  as  given 

*  If  the  arsenic  has  been  eliminated  by  the  method  of  Piloty,  page 
93,  all  the  other  metals  can  be  determined  in  the  solution  remaining-  in 
the  distilling-  flask. 
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under  Gernian  Silver.  The  nickel  and  cobalt  may  be  pre- 
cipitated in  the  filtrate  from  the  zinc  sulphide  by  the  addi- 
tion of  ammonium  hydroxide  and  ammonium  sulphide. 

Filter,  and  wash  the  sulphides  of  cobalt  and  nickel, 
remove  as  completely  as  possible  from  the  filter,  dry  and 
incinerate  the  latter,  and  then  dissolve  the  precipitate  and 
filter  ash  in  hydrochloric  acid*  with  the  addition  of  a  lit- 
tle nitric  acid.  Dilute  the  solution,  transfer  to  a  platinum 
or  porcelain  dish  and  precipitate  the  cobalt  and  nickel  with 
potassium  hydroxide.  Filter,  and  wash  the  precipitate 
with  hot  water  by  decantation,  and  reduce  it  to  metallic 
cobalt  and  nickel,  by  ignition  in  a  current  of  hydrogen. 
The  reduced  metals  should  be  digested  with  hot  water  to 
remove  any  alkali  present,  and  the  ignition  repeated. 
The  metals  are  usually  contaminated  with  silica,  ferric 
oxide  and  alumina  ;  dissolve  the  metals  in  nitric  acid,  fil- 
ter out  the  silica,  and  precipitate  the  iron  and  alumina 
with  ammonium  carbonate,  after  neutralizing  with  ammo- 
nium hydroxide.  After  filtration,  the  precipitate  should 
be  dissolved  in  nitric  acid  and  the  precipitation  repeated. 
Evaporate  the  filtrates  to  dryness,  volatilize  the  ammonium 
salts  by  gentle  ignition,  and  separate  the  cobalt  from  the 
nickel  as  given  on  page  33. 

The  two  metals  may  also  be  separated  by  the  method 
of  V.  Knorre  and  Illinski,  page  36,  or  according  to  the 
Second  Method,  page  34. 

It  is  best  to  determine  the  sulphur  in  a  special  sam- 
ple.   See  Pyrite,  page  210. 


*  If  manganese  is  present,  first  treat  the  sulphides  with  a  mixture 
of  dilute  hydrochloric  acid  and  hydrogen  sulphide  water.    See  p.  136. 
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COPPER  OR  LEAD  SPEISE. 

Tliese  metallurgical  products  are  obtained  by  fusing 
Copper  Ores  containing  Antimony  and  Arsenic,  or  Lead 
Ores  containing  Nickel  and  Arsenic.  They  contain  Ar- 
senides or  Antimonides  of  Iron,  Cobalt  and  Nickel, 
togethei*  with  Sulphides  of  Copper,  Lead,  Silver,  Bismuth, 
Iron  and  Zinc. 

The  analysis  may  be  executed  as  given  under  Copper 
Matte.  If  the  speise  contains  bismuth,  it  is  separated  as 
bismuth  oxychloride,  in  the  filtrate  from  the  lead  sulphate. 


Fig.  41. 

after  expelling  the  alcohol  ;  add  hydrochloric  acid  to  the 
solution  and  dilute  largely  with  water.    See  page  71. 

The  finely  divided  speise  can  also  be  decomposed  by 
chlorine  gas  ;  use  the  apparatus  show^n  in  Fig  41. 
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The  bulb-fcube  k^",  of  difficultly  fusible  glass,  contains 
the  substance,  and  is  connected  with  an  apparatus  for 
generating  chlorine,  and  with  two  absorption  flasks,  v 
and  v'. 

The  arm  of  the  bulb-tube  bent  down,  almost  touches 
the  liquid  in  the  flask  v.  The  gas  generator  K,  contains 
coarsely  pulverized  pyrolusite.  The  gasf  evolved  by 
warming  the  pyrolusite  with  hydrochloric  acid,  is  dried  by 
passing  through  concentrated  sulphuric  acid  in  the  flasks 
a  and  b. 

In  order  to  regulate  the  evolution  of  gas,  a  glass  tube, 
bent  twice  at  right  angles,  is  connected  with  the  flask  K  ; 
the  other  end  of  the  tube  is  immersed  in  potassium  hy- 
droxide in  the  cylinder  C.  By  partly  or  completely  clos- 
ing the  stop-cock  h,  the  excess  of  chlorine  may  be  passed 
into  the  potassium  hydroxide,  and  absorbed,  v  and  v' 
are  partly  filled  with  a  mixture  of  equal  volumes  of  hy- 
drochloric acid  and  tartaric  acid.  The  outer  end  of  the 
absor]3tion  tube  v'  is  provided  with  a  glass  tube,  for  con- 
nection with  a  suction  pump,  or  to  pass  the  excess  of 


*  In  place  of  the  bulb-tube,  the  author  uses  a  combustion  tube 
,,„,„       which  has  been  drawn  out  narrow 
lST""       and  bent  down.    The  substance  is 


The  bulb-tube,  bent  down,  is  connected  with  the  absorption  flask  v, 
shown  in  Fig.  41. 

t  The  most  convenient  method  for  generating  chlorine  gas  for 
analytical  purposes,  is  to  warm  potassium  bichromate  with  hydrochloric 
acid. 


Jannasch  has  constructed  a  special 
apparatus  for  the  purpose,  shown  in 
Fig.  40.  The  parts  a  and  b  are 
united   by     ground    glass  joints. 


put  in  a  porcelain  boat  and  shoved 
into  the  tube. 


Fig.  40. 
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chlorine  into  an  absorbent. 

As  chlorine  attacks  rubber,  cork  stoppers  should  be 
vised,  and  where  rubber  tubing  must  be  used  for  connec- 
tions, the  ends  of  the  glass  tubes  should  fit  up  tight. 

When  the  apparatus  is  set  up,  pass  a  slow  current  of 
chlorine  through  the  bulb-tube  as  long  as  decomposition 
takes  place  ;  the  bulb-tube  should  be  warmed  toward  the 
end  of  the  decomposition. 

Increase  the  current  of  chlorine,  heat  the  bulb-tube 
gently  at  first  and  gradually  increase  the  temperature,  with- 
out, however,  bringing  it  to  a  red  heat.  The  volatile 
chlorides  of  arsenic,  antimony  and  a  part  of  the  zinc  and 
iron,  and  the  sulphur  as  chloride,  will  be  driven  over  into 
the  flasks  v  and  v',  or  into  the  lower  end  of  the  bulb-tube  ; 
the  metallic  chlorides  pass  into  solution,  while  the  chlo- 
ride of  sulphur  is  oxidized  to  sulphuric  acid^. 

When  no  more  sublimation  of  chlorides  takes  place 
on  further  heating  the  tube,  close  the  stop-cock  h,  volatil- 
ize the  substance  and  drive  it  over  into  the  absorption  flask 
as  completely  as  possible,  by  heating  with  a  flame.  Cut 
off  the  tube  behind  the  bulb,  carefully  incline  the  flask  v, 
and  dissolve  the  chlorides  adhering  to  the  glass  tube. 

Transfer  the  contents  of  the  flasks  to  a  beaker  and 
precipitate  the  sulphuric  acid  with  barium  chloride  (page 
23).  If  sulphur  has  separated  in  the  flask,  filter  it  on  a 
dried  and  weighed  filter,  and  determine  its  weight. 

After  removing  the  excess  of  barium  chloride  with  di- 

*  Under  certain  conditions  the  chloride  of  sulphur  is  only  partly 
oxidized  to  sulphuric  acid;  this  may  be  the  case  if  the  substance  is  so 
strongly  heated  with  chlorine  that  chloride  of  sulphur  sublimes  before 
the  absorption  flasks  have  been  filled  with  chlorine.  The  current  of 
chlorine  must  be  regulated  by  partly  closing  the  stop-cock,  and  the  con- 
tents of  the  bulb  should  not  be  too  strongly  heated  at  first. 
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lute  sulphuric  acid,  precipitate  the  arsenic  and  antimony 
with  hydr9geQ  sulphide  ;  separate  the  sulphides  as  given 
on  page  89. 

The  filtrate  from  the  arsenic  and  antimony  contains 
some  iron  and  zinc.  Precipitate  them  as  sulphides,  with 
ammonium  hydroxide  and  ammonium  sulphide*.  The 
sulphides  should  be  filtered  without  undue  exposure  to  the 
air  and  washed  w^ith  water  containing  ammonium  sul- 
phide. Dissolve  the  precipitate  in  hydrochloric  acid  with 
the  addition  of  a  little  nitric  acid,  and  add  to  the  main 
solution. 

Dissolve  the  non- volatile  chlorides  of  copper,  silver, 
lead,  bismuth,  cobalt,  nickel,  iron  and  zinc,  still  in  the 
bulb,  in  dilute  hydrochloric  acid,  and  separate  them  as 
given  in  the  preceding  examples. 

PYRARGYRITE.  PROUSTITE. 

RUBY  SILVER  ORE. 

Silver,  Antimony,  (Arsenic)  Sulphur  and  Gangue. 

The  mineral  is  easily  decomposable  by  chlorine.  Af- 
ter decomposition,  the  bulb-tube  contains  silver  chloride f 
and  gangue,  which  may  be  separated  as  given  under  Gal- 
enite. 

For  the  determination  of  the  elements  sublimed  into 
the  absorption  flask,  see  the  preceding  example. 


*  The  filtrate  from  the  sulphide  precipitate  should  not  be  added 
directly  to  the  solution  of  the  metals  remaining  in  the  bulb-tube  k,  as 
the  tartaric  acid  prevents  the  precipitation  of  the  metals  by  certain 
reagents. 

t  The  most  accurate  method  of  determining  silver,  is  by  the  method 
given  under  Galenite,  using  a  special  sample. 
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TETEAHEDMTE. 

GRAY  COPPER  ORE. 

Copper,  Antimony,  Arsenic,  Silver,  Lead,  Mercury, 
Iron,  Zinc,  Sulphur  and  Gangue. 

Chlorine  is  used  for  the  decomposition.  The  absorp- 
tion flask  contains  antimony,  arsenic,  and  sulphur,  as  well 
as  iron  and  zinc. 

After  separating  antimony,  arsenic  and  sulphuric 
acid,  precipitate  the  iron  and  zinc  with  ammonium  sul- 
phide ;  dissolve  the  precipitate  in  hydrochloric  acid,  and 
proceed  as  given  on  page  143.  The  bulb-tube  contains 
the  chlorides  of  copper,  silver  and  lead,  together  with  the 
gangue,  and  under  some  conditions,  iron  and  zinc.  Dis- 
'  solve  the  chlorides  in  dilute  hydrochloric  acid  (the  silver 
chloride  and  gangue  remain  insoluble),  and  separate  the 
metals  as  given  on  page  203. 

Determination  of  Mercury  : — This  determination  is 
best  made  on  a  special,  large  sample,  in,  the  klry  way.' 

Place  a  layer  of  magnesite  about  10  cm.  in  length  in 
a  combustion  tube  closed  at  one  end,  then  add  a  layer  of 
previously  dehydrated  caustic  lime  and  then  a  mixture  of 
the  sample  of  tetrahedrite  and  caustic  lime,  and  finally  a 
layer  of  pure  caustic  lime.  Stopper  the  tube  with  a  loose 
plug  of  asbestos,  draw  the  tube  out  to  a  narrow^  tube  and 
bend  it  at  a  right  angle.  An  ordinary  round  flask,  partly 
filled  with  water,  is  used  to  receive  the  mercury.  Place 
the  tube  in  a  combustion  furnace  (see :  Organic  Analy- 
sis), and  immerse  the  point  of  the  tube  in  the  water  in  the 
flask.  First  heat  the  forward  end  of  the  combustion  tube 
and  gradually  heat  the  tube  its  entire  length,  so  that 
finally  the  carbon  dioxide  of  the  magnesite  sweeps  the  last 
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of  the  mercury  vapor  over  into  the  water.  While  the  tube 
is  still  hot,  cut  off  the  point,  rinse  into  the  flask  with  the 
.wash-bottle,  and  collect  the  mercury  into  one  globule  by 
shaking  the  water.  After  standing  for  some  time,  trans- 
fer the  mercury  to  a  tared  porcelain  crucible,  remove  the 
water  as  much  as  possible  with  filter  paper,  and  dry  the 
mercury  over  sulphuric  acid  in  a  dessicator. 

[Eschka's  Method  for  Mercury*  : — This  method  is 
especially  suitable  for  low-grade  ores,  and  is  both  rapid 
and  accurate.  The  method  depends  upon  distillation  of  the 
mercury  and  catching  it  on  gold  in  the  form  of  amalgam. 

Mix  0.2-2.0  grams  of  the  ore  with  1-4  grams  of  iron 
filings,  in  a  porcelain  crucible  of  suitable  size.  Prepare  a 
cover  of  sheet  gold  for  the  crucible  ;  this  cover  should  be 
in  the  form  of  a  dish  so  that  it  can  be  kept  cool  by  being 
filled  with  water.  The  cover  should  be  sufficiently  large 
to  project  some  beyond  the  edge  of  the  crucible,  so  that  no 
mercury  can  escape. 

Place  the  weighed  cover,  filled  with  cold  water,  on 
the  crucible  containing  the  ore  and  iron  filings,  carefully 
heat  the  crucible  with  a  Bunsen  burner,  keeping  the  up- 
per part  of  the  crucible  cool.  Cold  water  should  be  added 
to  the  cover  from  time  to  time.  From  10-30  minutes  will 
suffice  to  distil  off  the  mercury.  When  the  distillation  is 
completed,  remove  the  gold  cover,  pour  off  the  water,  dry 
carefully,  and  weigh.  The  increase  in  weight  of  the  gold 
cover  represents  the  weight  of  the  mercury.] 


*  [Zeit.  f.  anal.  Chem.,  Vol.  11,  p.  344.] 
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FURNACE  BEARS^. 

These  accumulations  consist  principally  of  Alloj's  of 
Iron,  together  with  Copper,  Silver,  (Gold),  Lead,  Molyb-' 
deniim, Vanadium,  Cobalt,  Nickel  and  Zinc, with  Sulphides, 
and  Phosphides  of  these  metals  ;  they  also  contain  more 
or  less  Carbon  and  Silica. 

These  substances  may  be  completely  decomposed  by 
warming  with  nitric  acid  or  aqua  regia  ;  an  insoluble  resi- 
due of  silica  and  carbon  remains.  The  metals  can  be 
separated  more  easily,  however,  if  the  decomposition  is 
effected  by  chlorine  gas.  On  account  of  the  high  percent- 
age of  iron,  it  is  necessary  to  use  a  tube  of  hard  glass  con- 
taining 2  bulbs,  to  avoid  stopping  the  exit  tube  ;  the  second 
bulb  serving  as  a  sort  of  condenser  for  the  most  of  the  fer- 
ric chloride.  Contiuue  heating  the  substance  in  the  cur- 
rent of  chlorine,  as  long  as  ferric  chloride  sublimes,  when 
it  is  safe  to  assume  that  all  the  molybdenum  chloride  has 
been  volatilized.  The  chlorine  must  be  introduced  cau- 
tiously at  first,  especially  if  the  substance  has  been  finely 
pulverized.  The  flame  should  be  applied  only  when  ac- 
tion in  the  cold  has  ceased.  After  the  decomposition,  the 
absorption  flask  contains  the  chlorides  of  sulphur  and 
phosphorus,  as  well  as  chlorides  of  molybdenum,  vana- 
dium and  iron  ;  the  bulb-tube  contains  the  chlorides  of 
the  remaining  metals,  together  with  the  rest  of  the  iron, 
silica  and  carbon. 

The  contents  of  the  absorption  flask  are  used  only  for 
the  determination  of  the  metals,  while  sulphur  and  phos- 
phorus are  determined  in  a  special  sample.    (See  below). 


*  ["Ofensauen."! 
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Pass  hydrogen  sulphide*  until  the  superijatant  liquid  is 
perfectly  clear. 

As  the  molj^bdic  acid  is  only  gradually  changed  to 
sulphide,  the  solution  appears  blue  even  after  passing  the 
gas  for  a  long  time.  On  the  other  hand,  the  chlorine  de- 
composes a  large  amount  of  hydrogen  sulphide  ;  however, 
it  is  not  advisable  to  attempt  to  expel  the  chlorine,  as  the 
dissolved  chlorides  are  very  volatile. 

Filter  the  molybdenum  sulphide  on  a  filter  dried  at 
100°  C,  wash  it  with  hot,  acidified  water,  and  dry  to  con- 
stant weight  at  the  same  temperature.  Now  heat  an  ali- 
quot part  of  the  precipitate  in  a  current  of  hydrogen,  and 
weigh  as  M0S2.  To  avoid  partial  reduction  to  metallic 
molybdenum,  use  a  Bunsen  burner,  and  heat  but  a  short 
time . 

The  filtrate  from  the  molybdenum  sulphide  contains 
vanadium  and  iron.  Add  ammonium  hydroxide  to  alka- 
line reaction  and  then  yellow  ammonium  sulphide  in  ex- 
cess. After  digesting  for  a  long  time  on  the  water-bath, 
all  the  vanadium  will  be  in  solution  ;  the  residue  remain- 
ing undissolved  is  ferrous  sulphide.  Dissolve  it  in  hydro- 
chloric acid,  oxidize  with  nitric  acid,  precipitate  with  am- 
monium hydroxide  and  weigli  as  Fe203. 

Determination  of  Vanadium  : — Add  acetic  acid  to  the 
ammonium  sulphide  solution,  to  weak  acid  reaction,  expel 
the  hydrogen  sulphide  by  warming,  allow  to  stand  for 
some  time  and  then  filter  off  the  vanadium  sulphide.  Ig- 
nite, witli  access  of  air,  to  V2O5.    See  page  162. 

*  If  the  substance  does  not  contain  vanadium,  saturate  the  liquid 
with  ammonium  hydroxide  and  ammonium  sulphide.  Molybdenum  is 
dissolved,  while  ferrous  sulphide  remains  insoluble. 

See  Wulfenite.  Filter  out  the  ferrous  sulphide  and  ignite  to  ferric 
oxide. 
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Instead  of  determining  the  molybdenum  and  vana- 
dium by  the  less  reliable  gravimetric  method,  the  two  may 
be  determined  volumetrically. 

As  shown  on  page  163,  vanadic  acid  is  reduced  by  hy- 
drobromic  acid,  while  molybdic  acid  is  not  reduced.  If, 
then,  a  mixture  of  the  two  substances  is  distilled  with  po- 
tassium bromide  and  hydrochloric  acid,  as  given  on  page 
163,  the  amount  of  the  iodine  found  gives  the  quantity  of 
vanadic  acid  present.  Let  m  —  equal  the  number  of  cc. 
of  thiosulphate  used. 

If,  now,  the  vanadium  tetroxide,  V2O4,  so  reduced,  is 
again  distilled  Avith  potassium  iodide  and  hydrochloric 
acid,  the  vanadium  is  further  reduced  to  vanadium  triox- 
ide,  V2O3 : 

V2O4+ 2HI = V2O3  +  H2O  + 12, 
and  the  equation  shows  that  the  same  quantity  of  iodine 
is  liberated  as  in  the  first  reduction. 

If,  in  the  last  reduction,  molybdic  acid  is  also  pres- 
ent, it  will  be  reduced  to  M02O5,  as  given  under  Wulfenite, 
if  an  excess  of  potassium  iodide  is  present,  and  a  quantity 
of  iodine  corresponding  to  the  trioxide  will  be  liberated. 

If  n  cc.  of  thiosulphide  were  used  to  titrate  the  total 
iodine  that  was  liberated  by  the  reduction  of  V2O4  and 
M0O3,  then,  (n-mj  cc.  corresponds  to  the  quantity  of 
molybdenum  trioxide  present. 

The  analysis,  therefore,  is  conducted  as  follows  :  The 
weighed  vanadate  and  molybdate  are  first  distilled  with 
potassium  bromide  and  hydrochloric  acid,  as  given  on 
page  163,  and  the  liberated  iodine  titrated.  The  amount 
of  vanadium  is  thus  obtained  from  the  quantity  m. 

Now  add  to  the  cooled,  blue  solution  in  the  distilling 
flask,  about  1  gram  of  solid  potassium  iodide  and  1-2  cc. 
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of  glacial  phosphoric  acid,  and  distil  according  to  the 
method  given  under  Wulfenice,  until' all  the  free  iodine  is 
driven  over.  The  amount  of  thiosulphate  used  in  this  ti- 
tration gives  the  quantity  n;  with  the  aid  of  the  differ- 
ence, n-m,  calculate  the  molybdic  acid  according  to  the 
equation  given  under  Wulfenite. 

To  apply  this  method  to  the  analysis  of  furnace 
bears,  fuse  the  substance  with  an  equal  weight  of  potas- 
sium nitrate  for  1  hour  in  a  silver  crucible.  Extract  the 
fuse  with  water,  decompose  the  nitrates  by  evaporation 
with  hydrochloric  acid,  and  then  distil  the  vanadate  and 
molybdate  as  given  above,  after  expelling  the  chlorine  and 
the  oxides  of  nitrogen. 

Dissolve  the  chlorides  in  the  bulb-tube  in  hydrochloric 
acid,  and  filter  the  carbon  on  an  asbestos  filter.  Mix  the 
dry  carbon  with  copper  oxide  and  oxidize  in  a  current  of 
oxygen  in  a  combustion  tube  ;  the  carbon  dioxide  is  ab- 
sorbed in  a  soda-lime  U-tube,  and  weighed.  For  details, 
see  Oi'ganic  Analysis. 

Silver,  if  present,  remains  with  the  carbon.  If  it  is 
desired  to  determine  the  silver  as  well  as  the  carbon,  in 
the  same  sample,  ignite  the  residue  in  the  bulb-tube  in  a 
current  of  hydrogen.  The  silver  chloride  is  reduced  to 
metallic  silver,  and  may  be  dissolved  in  dilute  nitric  acid. 
After  filtering  out  the  carbon,  the  silver  may  be  precipi- 
tated in  the  filtrate  as  silver  chloride. 

The  separation  of  the  clilorides  dissolved  in  hydro- 
chloric acid,  derived  from  the  non- volatile  residue  in  the 
bulb-tube,  follows  from  . what  has  been  given  above. 

Determination  of  Sulphuric  Acid  : — Dissolve  a  sepa- 
rate portion  of  substance  in  nitric  acid  or  aqua  regia,  re- 
move the  nitric  acid  by  repeated  evaporation  with  hydro- 
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chloric  acid,  and  precipitate  the  siilpliuric  acid  with  barium 
chloride. 

Determination  of  Phosphoric  Acid  : — Saturate  the  ni- 
tric acid  solution  of  the  substance  with  sodium  carbonate, 
evaporate  to  dryness,  and  fuse  the  residue  in  a  silver  or 
platinum  crucible  with  an  equal  weight  of  a  mixture  of 
potassium  nitrate  and  sodium  carbonate. 

Dissolve  the  fuse  in  water,  saturate  with  ammonium 
sulphide,  and  digest  for  some  time  on  the  water-bath. 
Molybdenum  sulphide  is  dissolved,  and  is  reprecipitated 
on  the  addition  of  hydrochloric  acid.  Heat  the  acidified 
liquid  until  it  no  longer  smells  of  hydrogen  sulphide,  neu- 
tralize with  ammonium  liydroxide,  and  precipitate  the 
phosphoric  acid  with  magnesium  chloride  solution. 

All  the  vanadic  acid  is  in  the  filtrate  from  the  ammo- 
nium-magnesium phosphate,  provided  a  sufficient  excess 
of  hydrochloric  acid  was  used  to  decompose  the  ammo- 
nium sulphide  solution, 

STIBNITE. 

Antimony,  Sulphur,  (Iron,  Lead,  Copper  and  Ar- 
senic). 

Various  methods  may  be  used  for  analyzing  the 
mineral.  By  heating  the  finely  pulverized  mineral  with 
dehydrated  sodium  thiosulphate,  and  extracting  the  fuse 
with  water,  antimony  and  arsenic  are  separated  from  the 
remaining  metals,  which  are  in  the  form  of  insoluble  sul- 
phides. 

To  separate  arsenic  and  antimony,  proceed  according 
to  Bunsen's  method,  given  under  Alloy  of  Arsenic  and 
Antimony,  page  90;  the  separation  of  lead,  copper,  etc., 
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has  been  given  in  detail  in  other  places.  Sulphur  is  best 
determined  in  a  separate  sample  ;  add  tartaric  acid  before 
precipitating  with  barium  chloride,  to  prevent  the  precip- 
itation of  antimony  oxide  with  the  barium  sulphate. 

The  mineral  may  also  be  decomposed  by  chlorine  gas. 
The  chlorides  of  antimony,  arsenic,  sulphur  and  iron  are 
sublimed  and  determined  as  given  under  Copper  and  Lead 
Speise. 

As  stibnite  is  decomposed  by  chlorine  even  at  the  or- 
dinary temperature,  the  current  of  gas  must  be  regulated 
so  as  to  pass  very  slowly  at  first,  to  avoid  too  rapid  subli- 
mation of  sulphur  chloride.     See  page  224,  note*. 

The  bulb-tube  contains  the  chlorides  of  lead,  copper, 
and  the  remainder  of  the  iron  ;  dissolve  them  in  dilute  hy- 
drochloric acid,  and  separate  the  lead  and  copper  as 
given  on  page  63.  Precipitate  the  iron  as  hydroxide,  in 
the  filtrate  from  the  copper  sulphide. 

Oftentimes,  in  the  analysis  of  antimony  ores,  the  de- 
termination of  antimony  alone  is  required ;  the  deter- 
mination may  be  made  either  gravimetrically  or  volumet- 
rically.  The  gravimetric  method  has  been  given  above. 
It  should  be  remembered  that  by  heating  the  mineral  with 
dehydrated  sodium  thiosulphate  or  a  mixture  of  sodium 
carbonate  and  sulphur,  and  digesting  in  water,  the  anti- 
mony passes  into  solution  as  a  double  salt,  and  is  precip- 
itated as  antimony  sulphide,  on  the  addition  of  dilute  sul- 
phuric acid.  The  sulphide  may  be  weighed  as  such,  or 
the  antimony  may  be  calculated  from  the  hydrogen  sul- 
phide evolved  when  the  sulphide  is  boiled  with  dilute  hy- 
drochloride acid.    See  page  80. 

The  volumetric  determination  of  antimony  depends 
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upon  the  fact  that  antimonous  acid  is  oxidized  by  iodine 
in  alkaline  solution  to  antimonic  acid  : 

HSb02+l2+H20=HSb03+2HI. 
Dissolve  the  antimony  sulphide  in  hydrochloric  acid, 
warm  until  the  solution  no  longer  smells  of  hydrogen  sul- 
phide, filter  out  the  free  sulphur,  add  tartaric  acid  or 
potassium-sodium  tartrate,  and  then  add  sodium  bicarbon- 
ate in  excess.  After  addition  of  starch  solution,  titrate 
with  iodine  to  the  end  reaction.  See  Volumetric  Analy- 
sis :  Sodium  Arsenite  and  Iodine. 

BOURNONITE. 

Antimony,  Lead,  Copper,  (Iron) ,  and  Sulphur. 
Decompose  the  finely  pulverized  mineral  with  chlo- 
rine gas,  and  proceed  as  given  above. 

ZINKENITE. 

Antimony,  Lead,  (Silver,  Copper,  Iron),  and  Sul- 
phur. 

Decompose  as  given  above.  As  the  zinkenite,  with 
the  exception  of  the  silver,  is  completely  decomposed  by 
hydrochloric  acid,  the  metals  may  be  determined  in  the 
solution.    The  silver  remains  insoluble  as  silver  chloride. 

According  to  Woehler,  all  the  sulphur  of  zinkenite  is 
evolved  as  hydrogen  sulphide,  on  igniting  the  mineral  in 
a  current  of  hydrogen,  and  the  other  constituents  remain 
behind.  The  analysis  may  be  made  as  follows  :  Place  a 
weighed  amount  of  the  substance  in  a  porcelain  boat,  and 
ignite  in  a  current  of  hydrogen  in  a  combustion  tube. 
Conduct  the  hydrogen  sulphide  and  excess  of  hydrogen 


ULLMANNITE.  NICCOLITE 


235 


into  an  ammoniacal  solution  of  hydrogen  peroxide,  or  into 
bromine  solution,  (page  181)  ;  precipitate  as  barium  sul- 
phate, and  calculate  the  sulphur.  After  complete  decom- 
position, dissolve  the  residue  in  the  boat  in  a  mixture  of 
nitric  acid  and  tartaric  acid,  and  determine  the  metals  as 
given  above. 

ULLMANNITE. 
Antimony,  Nickel  and  Sulphur. 

The  mineral  is  decomposable  by  chlorine  gas.  Dis- 
solve the  nickelous  chloride,  remaining  in  the  bulb,  in  di- 
lute hydrochloric  acid,  and  precipitate  the  nickel  with  po- 
tassium hydroxide.  Reduce  the  nickelous  hydroxide  to 
metallic  nickel  in  a  current  of  hydrogen. 

NICCOLITE. 

Nickel,  Arsenic,  (Iron,  Lead  and  Sulphur). 

Dissolve  the  finely  pulverized  mineral  in  aqua  regia, 
and  remove  the  nitric  acid  by  evaporation  with  hydro- 
chloric acid.  Precipitate  the  arsenic  from  the  hydro- 
chloric acid  solution,  by  passing  hydrogen  sul]3hide.  If 
other  metals  of  the  hydrogen  sulphide  group  are  present, 
sei3arate  them  with  sodium  sulphide. 

Separate  the  nickel  from  the  iron,  in  the  filtrate,  as 
given  on  page  69. 

Determine  the  sulphur  in  a  special  sample,  by  oxida- 
tion with  nitric  acid  or  aqua  regia,  and  precipitation  with 
barium  chloride. 

It  is  i3robably  unnecessary  to  mention  that  the  arsenic 
may  be  separated  by  volatilization,  as  arsenous  chloride, and 
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then  determined  as  given  on  page  93  ;  the  lead,  nickel  and 
iron  may  then  be  separated  and  determined  in  the  residue 
remaining  in  the  distilling  flask. 

LINN^ITE. 

Constituents  :  Cobalt  and  Sulphur. 

Decompose  the  finely  pulverized  mineral  witli  aqua 
regia,  and  heat  on  the  sand-bath  until  the  sulphuric  acid 
is  expelled. 

Determine  the  cobalt  as  given  on  page  33.  Determine 
the  sulphur  as  given  in  the  preceding  example. 

COBALTITE. 

Cobalt,  Iron,  (Copper,  Antimony),  Arsenic  and  Sul- 
phur. 

The  method  follows  from  the  preceding  example's. 
See  :  e.  g..  Nickel  Matte. 

GLAUCODOTE. 

Cobalt,  Iron,  Arsenic  and  Sulphur. 

The  analysis  may  be  made  as  given  under  Cobaltite. 

CERUSSITE. 

Lead,  (Iron,  Calcium),  and  Carbon  Dioxide. 

Pulverize  the  mineral,  and  dry  at  100°  C.  Dissolve 
a  sample  in  dilute  nitric  acid,  and  precipitate  the  lead 
either  as  suli3hate  or  as  sulphide.  If  the  lead  is  precip- 
itated as  sulphide,  oxidize  the  filtrate  with  nitric  acid,  and 
precipitate  the  iron  and  calcium,  as  usual. 

Determine  the  carbon  dioxide  in  a  special  sample. 
See  page  56. 
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GALENITE. 

Lead,  (Antimony,  Arsenic,  Copper,  Silver,  Gold, 
Zinc,  Iron),  Sulphur,  and  Gangue. 

Galenite  rich  in  antimony,  is  most  easily  decom- 
posed by  chlorine  gas.  If  the  ore  contains  antimony,  and 
nitric  acid  or  other  oxidizing  agent  is  used  as  a  solvent, 
the  lead  sulphate  is  always  contaminated  with  antimony. 
For  this  reason,  use  a  mixture  of  nitric  acid  and  tartaric 
acid;  the  method  is  described  under  Type  Metal,  page  78. 

After  decomposition  with  chlorine  gas,  the  absorption 
flask  will  contain  sulphuric  acid,  antimony,  and  arsenic, 
together  with  a  portion  of  the  iron  and  zinc.  These  may 
be  separated  as  given  on  gage  219. 

The  bulb-tube  contains  the  chlorides  of  lead,  silver, 
copper  and  the  remainder  of  the  iron  and  zinc.  Their 
separation  can  likewise  be  found  described  above,  and  the 
method  need  be  given  only  in  outline  at  this  place. 

Dissolve  the  contents  of  the  bulb  in  dilute  hydro- 
chloric acid  ;  the  greater  part  of  the  lead  separates  as  lead 
chloride,  and  is  dissolved  only  by  repeated  boiling  with  wa- 
ter. The  insoluble  residue  is  silver  chloride  and  gangue*. 
First  separate  the  lead  by  evaporation  with  sulphuric 
acid,  filter,  and  precipitate  the  copper  in  the  filtrate  with 
hydrogen  sulphide.  After  expelling  the  hydrogen  sul- 
phide, separate  the  iron  from  the  zinc  as  given  under 
Sphalerite. 

*  The  silver  is  generally  determined  by  assay,  on  a  special  sample. 
See  page  239.  To  determine  the  gangue  and  silver  chloride,  ignite  the 
residue  in  a  current  of  hydrogen,  which  forms  metallic  silver  and  a 
compound  of  silver  and  silicon.  By  warming  the  residue  with  dilute 
nitric  acid,  ail  the  silver  is  dissolved.  The  silica  or  gangue  is  then 
completely  separated  by  evaporation  on  the  water-bath.  The  filtrate 
from  the  silica  may  be  used  for.  the  determination  of  silver. 
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If  galenite  is  decomposed  with  strong  nitric  acid,  the 
most  of  the  lead  separates  as  lead  sulphate.  This  can  be 
dissolved  by  warming  with  hydrochloric  acid,  and  can 
then  be  separated  from  the  gangue.  The  nitric  acid  solu- 
tion can  also  be  evaporated  with  sulphuric  acid,  and  the 
lead  completely  separated  as  sul]>hate.  In  the  latter  case, 
determine  the  weight  of  the  lead  sulphate  and  silica,  and 
then  digest  with  a  solution  of  ammonium  acetate  or  am- 
monium tartrate. 

This  completely  dissolves  the  lead  sulphate.  Weigh 
the  insoluble  matter,  and  calculate  the  lead  sulphate  by 
difference.  The  lead  may  also  be  determined  as  follows  : 
Pour  the  hot  hydrochloric  acid  solution,  or  the  ammon- 
ium acetate  solution,  of  the  lead  sulphate  into  a  mixture 
of  25  cc.  of  water,  50-100  cc.  of  3%  hydrogen  peroxide, 
and  50  cc.  of  concentrated  ammonium  hydroxide.  Allow 
the  precipitate  of  Pb02  to  stand  for  6-8  hours,  with  occa- 
sional stirring  ;  filter,  wash  with  cold  water,  and  ignite  to 
lead  oxide,  PbO,  in  a  porcelain  crucible. 

The  other  metals  are  contained  in  the  filtrate  from 
the  lead,  and  may  be  determined  by  tlie  methods  given 
above. 

In  an  ordinary  analysis  of  galenite,  only  silver  and 
lead  are  determined.  For  this  purpose,  the  following 
method  is  used  almost  exclusively. 

Mix  25  grams  of  the  pulverized  ore  with  2-3  times 
the  amount  of  sodium  carbonate,  place  in  an  iron,  sand  or 
clay  crucible,  cover  with  borax  and  place  either  in  a  hot 
muffle  of  an  assay  furnace,  or  in  a  coke  furnace.  When 
the  contents  of  the  crucible  are  liquid,  close  the  draught, 
w^hich  causes  the  temperature  to  fall.    Allow  the  crucible 
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to  remain  in  the  furnace  about  10-20  minutes  longer,  de- 
pending upon  the  fusibility  of  the  gangue  in  the  ore. 
When  the  charge  is  in  quiet  fusion,  remove  the  crucible 
from  the  furnace  and  tap  it  on  the  floor  to  unite  the  lead 
into  one  button,  and  pour  the  slag  and  lead  into  a  scorifi- 
cation  mould.  With  a  little  care  it  is  easy  to  obtain  a 
button  of  lead  free  from  slag,  which  may  be  weighed  di- 
rect. If  the  button  contains  slag,  remove  it  by  hammer- 
ing and  washing ;  the  clean  button  may  then  be  weighed. 

The  reduced  lead  contains  all  the  silver  contained  in 
the  sample.  To  determine  the  silver,  the  lead  is  first  oxi- 
dized to  lead  oxide,  by  heating  in  an  oxidizing  atmos- 
phere. Place  the  lead  button  in  a  previously  heated  cu- 
pel, in  a  hot  muffle.  As  soon  as  the  lead  is  melted,  the 
draught  must  be  partly  shut  off,  to  moderate  the  temper- 
ature ;  otherwise  a  part  of  the  silver  may  be  oxidized,  and 
absorbed  in  the  cupel.  On  tlie  other  hand,  the  tempera- 
ture should  not  be  allowed  to  fall  sufficient  to  'freeze'  the 
button.  If  the  button  once  solidifies  before  all  the  lead  is 
oxidized,  it  is  difficult  to  finish  the  process. 

It  is  easily  seen  when  all  the  lead  is  removed  ;  in 
place  of  the  thin  layer  of  lead  oxide  on  the  molten  button, 
the  white  color  of  the  silver  may  be  seen.  Take  the  cupel 
from  the  muffle,  and  remove  the  adhering  lead  oxide  from 
the  silver  button  while  still  warm,  by  flattening  it  out  on 
a  steel  anvil. 

If  the  galenite  contains  gold,  it  will  be  contained  in 
the  silver  button.  Dissolve  the  silver  in  dilute  nitric  acid, 
in  a  weighed  porcelain  crucible,  wash  the  residual  gold 
with  hot  water  by  decantation,  ignite  gently,  and  weigh. 

The  determination  of  sulphur  in  galenite  may  be  made 
in  various  ways.    Heat  the  finely  powdered  substance  with 
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a  large  excess  of  concentrated  hydrochloric  acid,  in  the 
apparatus  shown  on  page  181  ^  oxidize  the  hydrogen  sul- 
phide evolved,  and  determine  as  barium  sulphate. 

The  substance  may  also  be  decomposed  b}^  fusion  in  a 
porcelain  or  platinum  crucible  with  6  parts  of  sodium  car- 
bonate and  4  parts  of  potassium  nitrate*. 

Dissolve  the  fused  mass  in  water,  separate  the  lead  in 
solution  by  passing  a  current  of  carbon  dioxide,  and  filter. 
Evaporate  the  filtrate  repeatedly  with  addition  of  hydro- 
chloric acid,  and  precipitate  the  sulphuric  acid  with  bar- 
ium chloride. 

If  the  lead  is  separated  by  hydrogen  peroxide,  as  de- 
scribed above,  the  sulphur  can  be  determined  in  the 
same  sample,  if  care  is  taken  to  effect  complete  oxidation 
of  the  sulphur.  Digest  the  powdered  mineral  for  a  short 
time  with  dilute  nitric  acid  ai  the  ordinary  temperature, 
add  concentrated  nitric  acid,  gT-adually  warm,  and  finally 
evaporate  to  dryness  on  the  water-bath.  If  free  sulphur 
separates,  warm  again  with  nitric  acid,  with  a  few  drops 
of  bromine,  and  repeat  this  treatment  until  all  the  sulphur 
is  oxidized.  Finally  evaporate  to  dryness  with  nitric  acid, 
dissolve  the  lead  sulphate  in  a  boiling  mixture  of  3  parts 
water  and  2 "parts  hydrochloric  acid,  filter  out  the  gangue, 
and  pour  the  solution  into  the  ammoniacal  hydrogen  per- 
oxide solution  described  above. 

Heat  the  filtrate  from  the  lead  precipitate,  to  expel 
the  ammonia,  then  add  hydrochloric  acid  and  alcohol,  and 
heat  again  to  destroy  the  hydrogen  peroxide  and  decom- 
pose the  persulphuric  acid  :  finally  precipitate  with  barium 
cliloride. 


*  The  crucible  will  be  somewhat  attacked  by  the  molten  flux. 
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WULFENITE. 

Lecad  Molybdate. 

The  mineral  may  easily  be  decomposed  by  fusion  with 
a  mixture  of  equal  parts  of  sodium,  carbonate  and  sulphur. 
The  water  solution  of  the  fused  mass  contains  the  molyb- 
denum in  the  form  of  sodium  sulplio-molybdate.  This 
compound  is  decomposed  on  the  addition  of  hydrochloric 
acid,  and  molybdenum  sulphide  is  precipitated.  The  de- 
composition is  best  effected  in  a  boiling  solution  ;  boil  un- 
til all  the  hydrogen  sulphide  is  volatilized. 

Filter  the  molybdenum  sulphide  on  a  filter  that  has 
been  dried  at  120°  C,  and  weighed,  wash  the  precipitate 
with  hot  water,-  and  dry  at  the  same  temperature.  Ignite 
an  aliquot  part  of  the  precipitate  in  a  current  of  hydro- 
gen, and  weigh  as  M0S2.    See  page  229. 

Volumetric  Determination  of  Molybdenum  : — This 
method  depends  upon  the  reduction  of  molybdenum  triox- 
ide  by  hydriodic  acid,  and  titration  of  the  liberated 
iodine,  with  sodium  thiosulphate.  See  :  Volumetric  Analy- 
sis. Hydrochloric  acid  and  hydrobromic  acid  do  not  react 
in  the  same  manner,  to  liberate  the  corresponding  halo- 
gen. 

According  to  the  equation, 

2M0O3  +  2HI=-Mo205-f  H2O  -h  I2, 

1  molecule  of  iodine  corresponds  in  2  molecules  of 
molybdenum  trioxide. 

Place  about  0.2-0.3  gram  of  the  molybdate,  together 
with  about  0.5  gram  of  potassium  iodide,  in  the  distilling 
flask  of  Bunsen's  apparatus*,  and  add  sufficient  hydro- 
chloric acid,  Sp.  Gr.  1.12,  to  till  the  flask  about  2/3  full. 


*  See:    Volumetric  Analysis. 
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The  heating  must  be  slow  enough  to  fill  the  exit  tube  with 
iodine  vapor,  before  the  contents  of  the  flask  boil.  Hy- 
drioclic  acid  should  not  be  generated  as  long  as  there  is  any 
air  in  the  flask,  as  it  may  be  decomposed,  liberating  free 
iodine.  The  air  should  be  replaced  by  carbon  dioxide. 
As  soon  as  all  the  iodine  vapor  has  been  distilled  over  and 
absorbed  by  the  potassium  iodide,  titrate  with  sodium 
tliiosulphate. 

To  determine  molybdenum  in  wulfenite,  by  this 
method,  dissolve  the  pulverized  mineral  in  dilute  nitric 
acid,  nearly  neutralize  with  ammonium  hydroxide  and  add 
yellow  ammonium  sulphide.  Digest  for  some  time  on  the 
water-bath.  After  the  molybdenum  sulphide  has  dis- 
solved, and  the  lead  sulphide  has  settled,  filter,  and  repre- 
cipitate  the  molybdenum  as  sulphide,  by  the  addition  of 
hydrochloric  acid,  Oxidize  the  molybdenum  sulphide 
with  potassium  chlorate,  heat,  to  volatilize  the  free  chlo- 
rine, and  distil  as  given  above. 

Wash  the  lead  sulphide  with  water  containing  hydro- 
gen sulphide,  and  determine  it  as  such.    See  page  44. 

PYROMORPHITE. 

GREEN  OR  BROWN  LEAD  ORE. 

Lead  Phosphate  and  Lead  Chloride  ;  occasionally  with 
Lead  Sulphate,  together  with  Lead  Arsenate  and  Calcium 
Fluoride. 

Determination  of  Lead,  Calcium,  Phosphoric  Acid  and 
Arsenic  Acid: — Digest  the  powdered  mineral  with  nitric 
acid,  until  in  complete  solution,  add  hydrochloric  acid  and 
evaporate  on  the  water-bath.    As  nitric  acid  is  detrimen- 
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tal  to  the  precipitation  of  arsenic  acid  by  hydrogen  sul- 
phide, it  is  necessary  to  repeat  the  evaporation  with  hy- 
drochloric acid.  Dissolve  the  residue  as  completely  as 
possible  in  hydrochloric  acid,  decant  the  clear  solution, 
dissolve  the  lead  chloride  by  boiling  with  water,  and  pass 
a  current  of  hydrogen  sulphide.  Digest  the  ^precipitate  of 
arsenic  sulphide  and  lead  sulphide,  in  ai  .monium  sul- 
phide or  sodium  sulphide,  and  determine  the  insoluble 
lead  sulphide  by  igniting  in  a  current  of  hydrogen  and 
weighing.  The  arsenic  may  be  rej)recipitated  as  sulphide, 
by  the  addition  of  dilute  hydrochloric  acid.  Oxidize  the 
arsenic  sulphide  with  nitric  acid,  and  determine  the  ar- 
senic as  23yroarsenate. 

Add  dilute  sulphuric  acid  to  the  filtrate  from  the  hy- 
drogen sulphide  precipitate,  and  concentrate  on  the  water- 
bath  to  volatilize  the  hydrochloric  acid  ;  this  precipitates 
the  calcium  as  sulphate.  Add  alcohol  to  decrease  the  so- 
lubility, filter,  wash  the  calcium  sulphate  with  alcohol, 
ignite  and  weigh. 

Neutralize  the  filtrate  with  ammonium  hydroxide,  and 
precipitate  the  phosphoric  acid  with  magnesium  chloride 
solution.  As  the  precipitate  may  be  contaminated  with  sul- 
phuric acid,  it  is  necessary  to  dissolve  the  washed  precip- 
itate in  hydrochloric  acid,  and  repeat  the  precipitation  with 
ammonium  hydroxide  and  a  few  drops  of  magnesium  solu- 
tion. 

Determine  the  chlorine  as  given  on  page  158. 

For  the  sulphuric  acid  determination,  dissolve  a  sep- 
arate sample,  and  precipitate  with  barium  chloride,  after 
evaporating  off  the  excess  of  the  hydrochloric  acid. 

See  pages  150  and  153,  for  the  Determination  of  Fluo- 
rine. 
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LEAD  MATTE. 
Lead,  Copper,  Iron,  (Silver,  Antimony,  Nickel,  Zinc), 
and  Sulphur. 

Decompose  the  finely  pulverized  substance  with  chlo- 
ine  gas,  and  proceed  as  given  on  page  222. 

RED  LEAD. 

Commercial  Red  Lead  consists  principally  of  Lead 
Tetroxide,  together  with  small  amounts  of  Arsenic, 
(Antimony),  Copper.  Silver,  Iron,  Zinc,  Calcium,  Silica  and 
Carbon  Dioxide. 

If  the  lead  monoxide  was  not  completely  oxidized,  the 
commercial  red  lead  contains  more  or  less  unchanged  lead 
monoxide.  To  determine  the  latter,  pulverize  and  dry  the 
substance,  and  digest  a  sample  with  a  solution  of  neutral 
lead  acetate,  in  which  the  lead  monoxide  is  completely  solu- 
ble. Filter  out  the  insoluble  lead  tetroxide  on  a  weighed 
filter  dried  at  100°  C. ,  and  dry  to  constant  weight  at  the 
same  temperature. 

Determination  of  Impurities  in  Red  Lead: — Dissolve  a 
weighed  sample  of  the  dry  substance  in  hydrochloric  acid; 
if  lead  chloride  separates  out,  it  may  be  dissolved  by  re- 
peated treatment  with  hot  water.  Silica,  and  silver  in  the 
form  of  chloride,  if  the  latter  metal  was  present,  will  be  in- 
soluble*. Filter  out  the  insoluble  matter,  and  precipitate 
the  lead  in  the  filtrate,  by  evaporation  with  sulphuric  acid. 

Arsenic,  antimony  and  copper  may  be  present  in  small 
quantities;    pass  hydrogen  sulphide  through  the  filtrate 


*  Silica  and  silver  chloride  may  be  separated  by  the  method  given 
on  page  23*^. 
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from  the  lead  sulphate,  and  sejmrate  the  arsenic  and  anti- 
mony from  the  copper,  with  sodium  sulphide,  and  determine 
as  given  on  page  89,  Wash  the  insoluble  copper  sulphide 
with  water  containing  hydrogen  sulphide,  ignite  in  a  cur- 
rent  of  hydrogen,  and  weigh. 

Determine  iron,  zinc  and  calcium  as  usual  in  the  filtrate 
from  the  hydrogen  sulphide  precipitate. 

To  determine  silver,  at  least  25  grams  of  the  red  lead 
should  be  taken.  Fuse  with  soda  and  borax,  and  treat  the 
lead  button  as  given  on  page  239, 

Carbon  dioxide  may  be  determined  ae  given  on  page  56. 
As  lead  tetroxide  and  hydrochloric  acid  react  to  form  lead 
chloride  and  chlorine,  sulphuric  acid  should  be  used  for  the 
decomposition. 

Lux  has  based  a  method  for  the  valuation  of  red  lead 
upon  the  titration  of  the  lead  dioxide  with  standard  oxalic 
acid,  and  the  titration  of  the  total  lead  with  standard  potas- 
sium bichromate. 

Lead  dioxide  reacts  with  oxalic  acid  as  follows: 
Pb02+H2C204--PbO-f2C02+H20. 

Digest  2,07  grams  of  the  red  lead  in  a  large  porcelain 
dish,  with  20-30  cc.  of  dilute  nitric  acid.  After  a  few 
minutes  the  red  lead  will  be  decomposed  into  insoluble 
lead  dioxide  and  soluble  lead  nitrate.  Now  add  50  cc.  of 
fifth-normal  oxalic  acid"^  and  boil.  The  lead  dioxide  soon 
dissolves,  wliile  the  impurities,  sand,  barium  sulphate  and 
lead  sulphate,  remain  insoluble.  Without  filtering,  titrate 
the  excess  of  oxalic  acid  with  a  standard  solution  of  potas- 
sium permanganate  of  about  the  same  strength.  As  the 
oxidation  of  oxalic  acid  is  slow"  in  nitric  acid  solution,  add 


*  See:    Volumetric  Analysis. 
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5-10  cc.  of  permanganate  at  once  ;  the  titration  may  now 
be  continued  as  usual.  Toward  the  end  of  the  titration, 
it  is  necessary  to  heat  the  solution  for  about  half  a  minute, 
to  be  sure  that  the  oxidation  is  complete. 

Subtract  the  number  of  cc.  of  permanganate  used, 
from  the  total  number  of  cc.  of  oxalic  acid  used,  and  the 
remainder  corresponds  to  the  lead  dioxide  present. 

The  lead  monoxide  may  be  determined  by  titrating 
the  total  lead,  and  subtracting  the  lead  dioxide  found. 
Reduce  the  slight  excess  of  permanganate  by  the  addition 
of  a  few  drops  of  oxalic  acid,  neutralize  with  ammonium 
hydroxide  and  add  sodium  acetate  in  excess.  Titrate  the 
lead  with  a  solution  of  potassium  bichromate  containing 
i  14.761  grams  of  K2Cr207  in  a  liter.  Each  cc.  of  this  solu- 
solution  corresponds  to  1%  of  lead. 

CINNABAR.* 

Mercuric  Sulphide  ;  also  contains  Iron,  Manganese, 
(Copper),  Aluminum  and  Calcium. 

Determination  of  Sulphur  : — The  sulphur  can  be  ox- 
idized to  sulphuric  acid  with  aqua  regia,  with  nitric  acid 
and  potassium  chlorate,  or  with  bromine  solution.  An- 
other method  depends  upon  the  oxidation  of  sulphur  by 
chlorine  gas  in  the  presence  of  potassium  or  sodium  hy- 
droxide. Suspend  the  finely  pulverized  substance  in  di- 
lute potassium  or  sodium  hydroxide,  warm,  and  pass 
chlorine  until  the  red  color  of  the  cinnabar  has  disap- 
peared, and  brownish-red  mercuric  oxide  is  formed  ;  or, 
continue  the  passage  of  chlorine  until  all  the  mercuiy  is  in 


*  For  the  electrolytic  determination  of  mercury,  see  Foot  Note  p.  1. 
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the  form  of  the  white  chloride.  After  acidifying  with  hy- 
drochloric acid,  determine  the  sulphuric  acid  as  usual. 

Determination  of  Mercury  and  the  other  Metals  : — 
Dissolve  a  sample  in  aqua  regia,  add  hydrochloric  acid, 
and  evaporate  to  dryness  on  the  water-bath.  Dissolve  the 
residue  in  hydrochloric  acid,  add  sulphurous  acid,  and 
boil,  to  reduce  the  iron  to  the  ferrous  condition.  Precip- 
itate the  mercury  with  hydrogen  sulphide,  filter  on  a  filter 
that  has  been  dried  at  100°  C.  and  weighed.  Wash  the 
precipitate  with  water,  and  dry  to  constant  weight  at  the 
same  temperature.    Weigh  as  HgS. 

If  the  reduction  with  sulphurous  acid  was  omitted,  or 
incomplete,  the  mercuric  sulphide  will  be  contaminated 
with  sulphur.  To  remove  the  latter,  wash  the  precipitate 
8  times  with  alcohol,  4  times  with  carbon  bisulphide  and 
finally  3  times  with  alcohol.  If  the  precipitate  contains  a 
large  amount  of  sulphur,  it  is  expedient  to  dissolve  it  with 
sodium  sulphite.  Lay  the  filter  on  a  glass  plate,  rinse  the 
precipitate  into  a  porcelain  dish,  and  warm  with  sodium 
sulphite.  Dry  the  filter,  fold  again,  and  filter  off  the 
mercuric  sulphide,  wash  with  cold  water  and  dry,  as  given 
above. 

This  method  is  not  applicable  in  the  presence  of  cop- 
per, as  the  latter  element  is  not  completely  separated  from 
the  mercury.  In  this  case,  add  an  excess  of  phosphorous 
acid  to  the  hj^drochloric  acid  solution  ;  this  reduces  the  mer- 
curic chloride  to  insoluble  mercurous  chloride.  After 
standing  for  12  hours  in  a  moderately  warm  place,  filter 
off  the  precipitate  on  a  dried  and  weighed  filter,  wash  with 
hot  water,  and  drj^  at  the  same  temperature,  to  constant 
weight. 
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Determine  the  copper  in  the  filtrate,  as  given  on  page 

64. 

The  filtrate  from  the  cuprous  sulphide  contains  the  re- 
maining metals  ;  for  their  separation,  see  page  111  et  seq. 

If  it  is  desired  to  determine  mercury  only,  in  mercury- 
ores,  the  'dry  way'  given  on  page  226,  may  be  used,  or 
the  mercury  may  be  determined  in  the  'wet  way,'  by  re- 
duction to  metallic  mercury  with  stannous  chloride. 

Reduction  with  Stannous  Chloride  : — Dissolve  the  ore 
in  aqua  regia,  evaporate  to  dryness,  and  repeat  the  evap- 
oration with  hydrochloric  acid  to  expel  all  of  the  nitric 
acid.  Add  an  excess  of  a  clear  solution  of  stannous  chlo- 
ride, obtained  by  dissolving  tin  in  hydrochloric  acid,  and 
heat  to  boiling.  The  mercuric  chloride  is  quantitatively 
reduced  to  metallic  mercury,  with  the  formation  of  stan- 
nic chloride.  When  the  precipitate  has  settled,  decant 
the  clear  liquid,  and  unite  the  finely  divided  mercury  into 
one  globule  by  heating  with  a  little  stannous  chloride  and 
a  few  drops  of  hydrochloric  acid. 

Wash  the  mercury  by  decantation  with  water  contain- 
ing a  little  hydrochloric  acid,  and  tlien  with  pure  water ^ 
and  transfer  to  a  tared  porcelain  crucible.  Remove  the 
greater  part  of  the  adhering  water  with  filter  paper,  and 
then  place  the  crucible  in  a  dessicator  containing  concen- 
traied  sulphuric  acid.  When  perfectly  dry,  weigh  as  me- 
tallic mercury. 

If  tlie  cinnabar  contains  appreciable  amounts  of  other 
metallic  compounds,  it  is  preferable  to  decompose  the  ore 
with  chlorine  ;  the  mercury  will  be  volatilized  as  mercuric 
chloride  and  retained  by  the  absorption  flask. 

Some  samples  of  cinnabar  contain  carbonaceous  mat- 
ter, and  their  solutions  either  clog  the  filter,  or  give  tur- 
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bid  filtrates.  Such  ores  are  best  decomposed  by  heating 
in  a  current  of  oxygen,  in  the  apparatus  described  by  Jan- 
nascli^*.  The  oxidation  product  of  sulphur,  and  the  metal- 
lic mercury,  are  retained  in  a  flask  containing  dilute  ni- 
tric acid.  After  all  the  mercury  has  dissolved,  evaporate 
the  solution  to  dryness,  and  dissolve  the  residue  in  hydro- 
chloric acid  and  water.  Precipitate  the  sulphuric  acid  by 
a  very  slight  excess  of  barium  chloride,  remove  the  excess 
by  sulphuric  acid,  and  precipitate  the  mercury  with  hy- 
drogen sulphide,  as  given  above. 

To  determine  the  carbon  in  the  carbonaceous  matter, 
ignite  a  special  sample  of  the  cinnabar  in  the  manner  above 
described,  but  retain  the  mercury  in  a  U-tube  filled  with 
glass  wool ;  following  the  U-tube,  is  a  straight  tube  filled 
with  a  mixture  of  lead  monoxide  and  lead  dioxide,  to 
absorb  sulphur  trioxide  and  sulphur  dioxide.  After  the 
carbon  dioxide  has  passed  through  a  calcium  chloride  tube 
to  dry  it,  it  is  absorbed  in  a  soda-lime  tube,  and  then 
weighed. 

MOLYBDENITE. 
Molybdenum  Sulphide. 

The  mineral  can  be  decomposed  by  fusion  with  so- 
dium carbonate  and  sulphur.  Dissolve  the  fused  mass  in 
water,  and  precipitate  the  molybdenum  suli)hide  by  the 
addition  of  hydrochloric  acid.  Determine  the  molybde- 
num sulphide  as  given  on  page  229. 

If  the  molybdenite  contains  other  metals,  their  sul- 
phides will  remain  insoluble  when  the  fuse  is  dissolved  in 
water. 

*  Page  223, 
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Determination  of  Sulphur  : — Fuse  a  sample  with  a 
mixture  of  sodium  carbonate  and  potassium  chlorate,  as 
given  on  page  211. 

BISMUTHINITE. 

Bismuth,  (Copper,  Lead,  Gold,  Tellurium,  Arsenic, 
Iron,  Cobalt,  Nickel),  and  Sulphur. 

The  mineral  can  be  decomposed  by  digestion  with 
concentrated  nitric  acid.  If  tlie  mineral  contains  insolu- 
ble matter,  it  should  be  tested  for  gold  ;  treat  the  residue 
w^ith  aqua  regia  and  proceed  as  given  on  page  212.  Af- 
ter evaporating  the  excess  of  nitric  acid  on  the  water-bath , 
add  hydrochloric  acid  and  dilute  w^ith  water  ;  bismuth 
oxychloride  is  precipitated.    Treat  it  as  given  on  page  73. 

The  filtrate  contains  the  remaining  metals.  To  de- 
termine tellurium,  evaporate  the  nitric  acid,  dissolve  the 
residue  in  dilute  hydrocliloric  acid,  and  separate  the  tel- 
lurium in  the  elemental  form  by  heating  with  an  excess 
of  sulphur  dioxide  or  potassium  bisulphite.  If  the  solu- 
tion is  dilute,  or  only  a  small  amount  of  tellurium  is  pres- 
ent, the  solution  must  be  allow^ed  to  stand  for  several  days 
in  a  warm  place,  for  complete  precipitation.  Wash  the 
tellurium  by  decant ation  with  water  containing  sulphur 
dioxide,  filter  on  a  dried  and  weighed  filter,  and  dry  to 
constant  weight  at  100°  C. 

Gold,  if  in  solution,  will  be  precipitated  with  the  tel- 
lurium. Treat  the  weighed  precipitate  with  nitric  acid  ; 
the  tellurium  is  dissolved,  and  the  residual  gold  can  be 
weighed.  Or,  dissolve  both  metals  in  aqua  regia,  remove 
the    nitric  acid  by  evaporation,  and  reduce  the  hydro- 
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chloric  acid  solution  with  a  concentrated  solution  of  fer- 
rous sul]3hate,  which  precipitates  the  gold  and  does  not  re- 
duce the  tellurium. 

The  separation  of  the  remaining  metals,  in  the  filtrate 
from  the  gold  and  tellurium,  follow^s  from  what  has  pre- 
ceded. 

URANINITE*. 

PITCH  BLENDE. 

Uranate  of  Uranyl,  with  varying  proportions  of  Lead, 
Copper,  Bismuth,  Arsenic,  Antimony,  Sulphur,  Selenium, 
Vanadium,  Iron,  Manganese,  Cobalt,  Nickel,  Zinc,  Cal- 
cium, Magnesium,  Sodium,  Carbon  Dioxide,  Silica  and 
Water  t. 

If  the  mineral  contains  selenium,  the  best  method  for 
its  determination  is  to  heat  the  finely  pulverized  substance 
in  a  current  of  chlorine  ;  this  volatilizes  the  selenium  as 
chloride,  together  with  the  chlorides  of  bismuth,  arsenic, 
antimony,  sulphur,  vanadium  and  iron.  After  complete 
decomposition,  warm  the  liquid  in  the  absorption  flask  to 
remove  the  chlorine,  and  precipitate  the  selenium  by  re- 
duction w^ith  sulphur  dioxide  or  potassium  bisulphite. 
Proceed  exactly  as  given  in  the  Determination  of  Tellur- 
ium, page  250. 

The  vanadium  is  likewise  best  determined  in  a  special 
sample.  Fuse  the  finely  ground  substance  in  a  silver  cru- 
cible for  about  an  hour  with  an  equal  weight  of  potassium 

*  [Compare:  Hillebrand,  Bull.  78,  U.  S.  Geol.  Surv.,  and  Ramsey 
and  Travers,  Proc.  Royal  Soc.  1897,  Vol.  60,  pp.  442-448.1 

t  CI.  Zimmerman  has  found  thallium  in  commercial  uranium  oxides. 
This  element,  must  therefore  be  a  constituent  of  the  mineral. 
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nitrate.  Extract  the  fuse  with  water,  which  dissolves  the 
vanadium  as  potassium  vanadate.  Add  hydrochloric  acid, 
evaporate  to  dryness  to  expel  the  nitric  acid,  dissolve  the 
residue  in  hydrochloric  acid  and  reduce  the  selenium  with 
sulphur  dioxide.  The  selenium,  separated  at  this  point, 
may  serve  as  a  check  on  the  original  determination. 

Boil  off  the  sulphur  dioxide,  oxidize  the  solution  with 
potassium  chlorate,  evaporate  several  times  with  hydro- 
chloric acid  to  remove  the  free  chlorine,  and  determine  the 
vanadium  volumetrically  with  iodine,  as  given  on  page 
163. 

Determination  of  the  other  Metals  : — Digest  a  sam- 
ple of  the  finely  powdered  mineral  with  nitric  acid. 
If  a  portion  of  the  mineral  remains  insoluble,  decompose 
it  by  warming  with  a  mixture  of  nitric  acid  and  sulphuric 
acid,  and  filter  out  the  silica.  After  removing  the  excess 
of  acid,  X3recipitate  the  hydrogen  sulphide  group  of  metals 
by  passing  the  gas.  Separate  arsenic  and  antimony 
(selenium)  by  digesting  the  sulphides  with  ammonium 
sulphide,  or  with  sodium  sulphide  if  copper  is  present. 
Dissolve  the  insoluble  sulphides  in  nitric  acid,  and  sepa- 
rate bismuth  and  lead  as  given  on  page  71.  The  filtrate 
from  the  bismuth  oxychloride  contains  the  co23per,  which 
may  be  determined  as  sulphide  or  sulphocyanate. 

Neutralize  the  filtrate  from  the  sulphide  precipitate 
with  ammonium  hydroxide,  add  ammonium  sulphide,  dis- 
solve the  remaining  precipitate  in  hydrochloric  acid  with 
the  addition  of  a  little  nitric  acid,  and  precipitate  the  iron 
and  uranium  with  ammonium  hydroxide.  To  remove  the 
cobalt  and  nickel  precipitated  with  the  iron  and  uranium, 
it  is  necessary  to  dissolve  the  washed  precipitate  in  hydro- 
chloric acid  and  repeat  the  precipitation  with  ammonium 
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hydroxide.  To  separate  the  iron  and  uranium,  dry  the 
precipitate  and  ignite  it  in  a  current  of  liydrogen,  which 
reduces  the  iron  to  the  metallic  state  and  the  uranium  to 
uranous  oxide.  On  treating  the-  residue  with  dilute  hy- 
drochloric acid,  the  iron  dissolves.  Re-ignite  the  insoluble 
uranous  oxide,  UO2,  in  hydrogen,  and  weigh  as  such. 

The  mixture  of  iron  and  uranium  can  also  be  heated 
in  a  current  of  dry  hydrochloric  acid  ;  the  iron  volatilizes 
as  ferrous  chloride. 

Sweep  the  hydrochloric  acid  from  the  apparatus  b}^ 
passing  hydrogen  for  a  few  hours,  and  determine  the 
weight  of  the  UO2. 

If  chromium  is  present,  it  will  be  found  witli  the 
uranous  oxide.  Warm  the  mixture  with  dilute  nitric 
acid,  filter  off  the  insoluble  chromic  oxide,  wash  with  hot 
water  and  weigh. 

The  separation  and  determination  of  the  remaining 
metals  has  been  given  above. 

Determine  carbon  dioxide  and  sulphur  in  special  sam- 
ples, the  former  as  given  under  Dolomite,  and  the  latter 
according  to  the  method  given  under  Ultramarine,  or  Py- 
rite. 

If  the  mineral  evolves  hydrogen  sulphide  when 
treated  with  an  acid,  interpose  2  U-tubes  filled  with  pum- 
ice stone  saturated  with  copper  sulphate,  and  calcium 
chloride,  between  the  sulphuric  acid  drying  tube  and  the 
soda-lime  tube.  The  pumice  stone  is  prepared  as  follows  : 
Pour  a  hot,  concentrated  solution  of  copper  sulphate  over 
pieces  of  pumice  the  size  of  a  pea  (30  grams  copper  sul- 
phate :  60  grams  pumice)  and  evaporate  to  drj^iess.  Heat 
the  dry  mass  for  about  4  hours  at  150-160°  C.  and  pre- 
serve in  a  stoppered  bottle.  Fill  the  two  U-tubes  5/6  with 
the  prepared  pumice,  and  the  remainder  with  calcium 
chloride. 
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WOLFRAMITE. 

Tuiigstic  Acid,  Iron,  Manganese,  (Calcium,  Magnes- 
ium, Tin,  Silica). 

Dry  3-5  grams  of  the  finely  pulverized  mineral  at 
110°  C.  The  mineral  is  difficultly  decomposable  by  diges- 
tion with  acids,  but  is  easily  decomposed  by  fusion  with  4 
times  its  weight  of  potassium-sodium  carbonate.  Dissolve 
the  fused  mass  in  boiling  water  ;  the  tungsten  goes  into 
solution  as  potassium  or  sodium  tungstate. 

Iron,  Manganese,  etc.,  remain  insoluble.  Wash  the 
insoluble  matter  with  hot  water,  dissolve  in  hydrochloric 
acid,  and  separate  the  metals  as  given  on  page  119. 

The  tungstic  acid  may  be  separated,  as  such,  from 
the  alkaline  solution,  or  it  may  be  separated  as  mercurous 
tungstate. 

To  separate  the  tungstic  acid  as  such  from  the  alka- 
line solution,  acidify  the  latter  with  hydrochloric  acid, 
evaporate  to  dryness  on  the  watei*-bath  and  heat  the  resi- 
due for  some  time  at  120°  C.  Dissolve  the  alkaline  chlo- 
rides in  water,  add  a  little  hydrochloric  acid,  filter  out  the 
tungstic  acid,  wash  it  with  hot  water  containing  hj^dro- 
chloric  acid,  and  ignite  with  access  of  air.  To  avoid  re- 
ducing the  tungstic  acid  by  the  carbon  of  the  filter  paper, 
remove  the  precipitate  as  much  as  possible  from  the  filter, 
moisten  the  paper  with  ammonium  nitrate,  dry,  and  in- 
cinerate over  the  crucible  in  a  coil  of  platinum  wire.  If 
the  ignited  tungstic  acid  is  not  pure  yellow,  moisten  it 
with  a  few  drops  of  nitric  acid  and  repeat  the  ignition  in 
an  open  crucible. 

Precipitation  as  Mercurous  Tungstate  : — Add  dilute 
nitric  acid,  to  slightly  acid  reaction,  warm,  to  expel  ab- 
absorbed  carbon  dioxide,  and  proceed  as  given  at  the  end 
of  this  analysis. 
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The  ignited  tiingstic  acid  may  contain  silica  and  stan- 
nic oxide.  The  former  may  be  removed  by  warming  witli 
a  few  cc.  of  hydrofluoric  acid,  evaporating  to  dryness  and 
igniting.  The  residue  consists  of  pure  tungstic  acid,  or 
tungstic  acid  and  stannic  oxide.  In  the  latter  case,  volatil- 
ize the  tin  as  stannic  chloride,  by  igniting  with  ammonium 
chloride.  The  stannic  chloride  is  decomposed  by  the 
moisture  of  the  air,  and  stannic  oxide  may  be  deposited 
on  the  outside  of  the  crucible.  To  prevent  this,  i^lace  the 
crucible  in  a  larger  crucible,  and  keep  the  outer  crucible 
covered  during  the  ignition. 

Repeat  the  ignition  several  times  with  6-8  times  as 
much  ammonium  chloride  as  there  is  precipitate,  until 
the  weight  of  the  residual  tungstic  acid  is  constant.  The 
tungstic  acid  becomes  dark  on  igniting  in  the  absence  of  air, 
and  only  assumes  its  true  color  and  weight  on  igniting 
with  access  of  air. 

The  volatilization  of  large  quantities  of  stannic  oxide 
requires  considera])le  time.  If,  therefore,  it  is  necessary 
to  make  a  separation  of  tungsten  from  tin,  it  is  best  to 
proceed  as  follows  :  Mix  the  two  oxides,  such  as  would  be 
obtained,  for  example,  in  the  oxidation  of  a  tungsten 
bronze  by  nitric  acid,  and  carefully  ignite  for  15  minutes 
in  a  small  covered  porcelain  crucible  with  twice  the  vol- 
ume of  zinc  dust  or  zinc  filings.  Transfer  the  mass  to  a 
beaker,  add  hydrochloric  acid,  (1  part  acid  :  2  parts  wa- 
ter; and  heat  to  boiling  ;  boil  until  no  more  hydrogen  is 
evolved.  Cool  the  solution  somewhat  and  add  potassium 
chlorate  in  small  portions  until  the  blue  tungstic  oxide  is 
oxidized  to  yellow  tungstic  acid  and  the  blue  color  has 
disappeared.  Dilute  the  solution  with  1.5  times  its  vol- 
ume of  water,  and  allow  to  stand  24  hours.    Filter  out 
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the  tungstic  acid,  wash  first  with  water  containing  nitric 
acid,  and  then  with  a  dilute,  hot  solution  of  ammonium 
nitrate,  as  pure  water  causes  the  precipitate  to  run 
through  the  filter.    Ignite  and  weigh  as  W0O3. 

Direct  Determination  of  Tin  :-— Pass  hydrogen  sul- 
phide through  the  filtrate  from  the  tungstic  acid,  filter 
out  the  stannic  sulphide,  and  ignite  to  stannic  oxide. 

Another  method  for  separating  tungsten  and  tin,  de- 
pends upon  the  reduction  of  stannic  oxide  to  metallic  tin 
by  fused  potassium  cyanide  ;  the  tungsten  trioxide  forms 
potassium  tungstate,  which  dissolves  when  the  cooled  fuse 
is  digested  in  water.  The  method  is  exactly  the  same  as 
that  given  for  the  separation  of  phosphoric  acid  and  tin, 
page  85.  The  metallic  tin  is  oxidized  by  nitric  acid  to 
stannic  oxide,  and  weighed  as  such. 

To  precipitate  the  tungstic  acid,  add  nitric  acid  to 
the  potassium  cyanide  solution,  to  weakly  acid  reaction. 
Remove  the  hydrocyanic  acid  by  warming*  and  add  a  suf- 
ficient amount  of  mercurous  nitrate.  Now  add  ammon- 
ium hydroxide,  drop  by  drop,  until  the  precipitate  as- 
sumes a  brown  color.  Allow  the  precipitate  to  settle,  fil- 
ter, and  wash  with  water  containing  mercurous  nitrate. 
Ignite  with  access  of  air,  and  weigh  as  W0O3. 

If  the  mineral  contains  molybdenum,  it  will  be  pre- 
cipitated as  trioxide,  with  the  tungstic  acid.  In  this  case, 
ignite  the  mercurous  nitrate  precipitate  as  given  above, 
dissolve  the  oxides  in  ammonium  hydroxide,  add  tartaric 
acid  and  hydrochloric  acid  and  precipitate  the  molybde- 
num with  hydrogen  sulphide. 

Evaporate  the  filtrate  to  dryness,  to  separate  the 
tungstic  acid,  and  ignite  the  residue. 


*  [This  operation  should  be  performed  in  a  hood  with  a  good 
draught  as  the  fumes  are  very  poisonous.] 
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SCHEELITE. 

Calcium  Tungstate,  occasionally  with  small  amounts 
of  Magnesium  and  Copper. 

Scheelite  is  completely  decomposable  by  hydrochloric 
acid  or  nitric  acid.  Evaporate  the  solution  to  dryness, 
heat  the  residue  at  120°  C,  and  add  dilute  hydrochloric 
acid.    Treat  the  insoluble  tungstic  acid  as  given  above. 

Determine  calcium  and  magnesium,  as  usual,  in  the 
filtrate  from  the  tungstic  acid.  If  the  mineral  contains 
copper,  first  separate  it  by  passing  hydrogen  sulphide. 

REFINED  LEAD. 

Lead,  with  small  amounts  of  Silver,  Copper,  Bis- 
muth, Antimony,  (Arsenic),  Cadmium,  Iron,  Zinc,  Nickel, 
(Cobalt,  and  Manganese). 

Use  from  200-500  grams  for  the  analysis,  according 
to  the  purity  of  the  lead  ;  generally,  200  grams  will  be 
sufficient.  Clean  the  lead,  flatten  it  out  to  a  thin  plate 
of  about  0.5  cm.  thickness  on  a  steel  anvil,  and  cut  into 
pieces  about  2--3  cm.  square.  Place  the  weighed  sample 
in  a  2  liter  flask,  add  1275  cc.  of  water,  and  325  cc.  of  ni- 
tric acid,  Sp.  Gr.  1.40.  Dissolve  by  carefully  warming 
on  a  water-bath  or  sand-bath.  If  the  evolution  of  gas  be- 
comes too  violent,  remove  the  flask  from  the  heat  for  a 
short  time,  w^ithout,  however,  cooling  the  liquid  sufficient- 
ly to  precipitate  lead  nitrate. 

After  about  3  hours,  the  solution  will  be  complete, 
and  the  liquid  will  be  perfectly  clear,  if  the  lead  does  not 
contain  more  than  0.02-0.03  per  cent,  of  antimony.  If 
lead  antimonate  has  precipitated,  filter,  and  wash  the  pre- 
cipitate with  water  ;  the  treatment  of  this  precipitate  will 
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be  given  later.  Now  add  170  cc.  of  dilute  sulphuric  acid 
(1  part  cone,  acid  :  2  parts  water)  to  the  nitric  acid  solution 
to  precipitate  the  lead,  and  fill  to  the  mark  w^ith  distilled 
water.  After  shaking  the  contents  sufficiently  to  thor- 
oughly mix,  allow  the  precipitate  to  settle,  and  siphon  off 
the  greater  part  of  the  clear  supernatant  liquid  without 
disturbing  the  precipitate.  The  siphon  should  be  filled 
with  the  solution  in  the  flask.  Evaporate  1750  cc.  of 
the  clear  solution  to  dryness,  and  heat  the  residue  until 
white  fumes  of  sulphur  trioxide  are  evolved ;  cool,  dis- 
solve in  50-60  cc.  of  water,  and  filter  out  the  small 
amount  of  lead  sulphate.  As  the  latter  may  still  contain 
a  slight  amount  of  antimony,  dissolve  it  in  hydrochloric 
1  acid,  dilute  with  considerable  water  and  saturate  with  hy- 
drogen sulphide. 

Separate  the  antimony  sulphide  from  the  lead  sul- 
phide by  digestion  with  ammonium  or  sodium  sulphide  ; 
the  antimony  may  be  reprecipitated  as  sulphide,  by  the 
addition  of  hydrochloric  acid.  Set  the  acidified  solution 
aside  temporarily.  Pass  a  current  of  hydrogen  sulphide 
through  the  filtrate  from  the  lead  sulphate,  at  first  at  a 
temperature  of  70-80°  C,  continuing  the  passage  of  the 
gas  until  the  liquid  becomes  cold.  When  the  precipitate 
has  completely  settled,  filter,  and  digest  the  precipitate 
with  a  solution  of  potassium  or  sodium  sulphide.  Filter 
out  the  insoluble  sulphides  and  reprecipitate  the  arsenic 
and  antimony  with  dilute  hydrochloric  acid.  Unite  this 
precipitate  with  the  antimony  sulphide  from  the  ammon- 
ium sulphide  solution,  wash  with  w\ater,  and  remove  the 
admixed  sulphur  witli  carbon  bisulphide.    See  page  247. 

If  a  residue  of  lead  antimonate*  remains  on  dissolv- 

*  This  residue  may  also  contain  arsenic. 
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ing  the  lead  in  nitric  acid,  dissolve  it  in  hydrochloric  acid 
and  tartaric  acid,  and  precipitate  with  hydrogen  sulphide. 
Extract  the  antimony  in  the  precipitate  by  digesting  with 
sodium  sulphide,  and  reprecipitate  with  hydrochloric  acid. 
The  antimony  (and  arsenic)  sulphide  obtained  after  re- 
moving the  lead  sulphide,  may  be  filtered  on  the  same  fil- 
ter with  the  sulphides  from  the  ammonium  sulphide  solu- 
tion. 

Dissolve  the  mixture  of  antimony  and  arsenic  sul- 
phides in  pure  potassium  hydroxide,  and  proceed  as  given 
on  page  89. 

Arsenic  and  antimony  may  also  be  separated  as  fol- 
lows :  Add  fuming  nitric  acid  to  the  dried  precipitate  in  a 
large  porcelain  crucible  ;  when  the  paper  fiber  is  com- 
pletely destroyed  and  the  greater  part  of  the  nitric  acid  is 
removed  by  evaporation,  dilute  with  water,  add  sodium 
carbonate  in  slight  excess,  and  a  little  sodium  nitrate. 

Evaporate  to  dryness,  fuse,  and  continue  the  heating 
until  the  mass  appears  white.  Cool,  extract  the  mass 
with  water,  and  wash  the  insoluble  sodium  antimonate, 
first  with  water  and  then  with  dilute  alcohol.  Dissolve 
the  residue  in  hydrochloric  acid  and  a  little  tartaric  acid, 
and  precipitate  the  antimony  with  hydrogen  sulphide. 

The  filtrate  from  the  sodium  antimonate  contains  so- 
dium arsenate  together  with  a  little  antimony.  Remove 
the  alcohol  by  heating,  acidify  with  dilute  sulphuric  acid, 
concentrate,  to  remove  the  nitric  acid,  and  precipitate  the 
arsenic  and  antimony  with  hydrogen  sulphide,  as  given 
above.  Filter,  wash  the  precipitate,  and  treat  on  the  fil- 
ter with  a  cold,  concentrated  solution  of  ammonium  car- 
bonate, which  dissolves  the  arsenous  sulphide,  while  the 
antimony  sulphide  remains  insoluble.    Repeat  the  opera- 
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tion  a  few  times  with  small  quantities  of  solution,  to  re- 
move all  the  arsenous  sulphide.  The  arsenic  may  be  re- 
precipitated  as  sulphide  in  the  filtrate  by  acidifying  witli 
hydrochloric  acid,  adding  a  little  hydrogen  sulphide  wa- 
ter, and  warming  to  expel  carbon  dioxide.  Filter  on  a  pa- 
per dried  at  110°  C,  dry  the  precipitate  at  the  same  tem- 
perature, and  weigh. 

Filter  out  the  2  antimony  precipitates  and  wash. 
The  filter  tube  described  on  page  15  may  be  used  to  col- 
lect the  x^recipitate. 

Dissolve  the  sulphides  of  copper,  cadmium,  etc.,  insol- 
uble in  potassium  sulphide,  in  dilute  nitric  acid  (1  :2), 
add  dilute  sulpliuric  acid,  and  evaporate  to  fumes  of  sul- 
phuric anhydride.  If  a  white  residue  of  lead  sulphate  re- 
mains behind  when  tlie  cooled  mass  is  dissolved  in  water, 
filter,  and  wash  it  with  water  containing  hydrogen  sul- 
phide. 

To  separate  bismuth  from  the  other  metals,  nearly 
neutralize  the  solution  with  sodium  carbonate,  add  potas- 
sium cyanide,  and  warm  gently  on  the  water-bath.  Fil- 
ter out  the  potassium-bismuth  cyanide,  wash  with  water, 
dissolve  in  dilute  nitric  acid  and  precipitate  the  bismuth 
as  carbonate.  For  this  purpose  add  ammonium  carbonate 
to  the  solution  in  slight  excess,  and  heat  for  some  time  at 
the  boiling  point.  Filter  off  the  bismuth  carbonate,  wash 
and  ignite.    Weigh  as  Bi203. 

Add  a  little  more  potassium  cyanide  to  the  filtrate 
from  the  potassium-bismuth  cyanide  to  prevent  the  pre- 
cipitation of  copper,  and  add  a  few  drops  of  potassium  or 
sodium  sulphide.  Filter  out  the  precipitate  of  silver  sul- 
phide and  cadmium  sulphide,  wash  ^vith  water  and  dis- 
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solve  in  dilute  nitric  acid.  Precipitate  the  silver*  with  a 
few  drops  of  hydrochloric  acid,  concentrate  the  filtrate  and 
precipitate  the  cadmium  as  carbonate. 

The  copper  is  contained  in  the  filtrate  from  the  silver 
and  cadmium  sulphides.  Acidify  with  sulphuric  acid,  heat 
until  the  odor  of  hydrocyanic  acid  has  disappeared,  and 
preciiDitate  the  copper  with  hydrogen  sulphide. 

The  filtrate  from  the  original  sulphide  precipitate 
contains  iron,  zinc,  etc.  Add  ammonium  hydroxide  and 
ammonium  sulphide,  and  filter  out  the  sulphides.  If  a 
little  nickel  sulphide  is  dissolved,  as  is  usually  the  case, 
it  may  be  iDrecipitated  in  the  filtrate  by  adding  dilute 
acetic  acid  . 

On  treating  the  sulphides  on  the  filter  with  dilute 
hydrochloric  acid  and  hydrogen  sulphide  water,  iron,  zinc 
and  manganese  sulphides  are  dissolved,  while  the  sul- 
phides of  cobalt  and  nickel  remain  undissolved.  Oxidize 
tlie  solution  with  nitric  acid,  and  separate  iron  and  zinc 
by  repeated  precipitation  of  the  former  with  ammonium 
hydroxide.  Ignite  the  ferric  hydroxide  and  weigh  as 
Fe20.. 

Acidify  the  filtrate  from  the  ferric  hydroxide  with 
acetic  acid,  and  precipitate  the  zinc  w^ith  hydrogen  sul- 
phide ;  after  standing  24  hours,  filter,  and  determine  the 
zinc  sulphide  as  such. 

To  determine  the  manganese,  concentrate  the  filtrate 
from  the  zinc  sulphide,  add  ammonium  hydroxide  and  am- 

*  The  most  accurate  method  of  determining-  silver  is  by  cupellation, 
as  given  on  page  238  The  silver  may  be  determined  g-ravimetrically  in 
a  special  portion  as  follows:  Dissolve  200  grams  of  lead  in  dilute  nitric 
acid,  dilute  largely  with  water  and  precipitate  with  a  few  drops  of  hy- 
drochloric acid.  Allow  the  precipitate  to  settle,  and  filter.  Ignite  to 
metallic  silver  in  a  current  of  hydrog^en. 
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monium  sulphide  and  allow  to  stand  for  24  hours.  Filter 
out  the  manganous  sulphide  and  determine  it  as  given  on 
page  38. 

Dissolve  the  sulphides  of  cobalt  and  nickel  in  hydro- 
chloric acid  containing  a  little  nitric  acid,  evaporate  near- 
ly to  dryness  and  add  ammonium  hydroxide  to  alkaline 
reaction.  If  a  slight  precipitate  is  formed,  filter,  and  pre- 
cipitate the  cobalt  and  nickel  in  the  filtrate  by  boiling  with 
potassium  hydroxide.  Separate  the  cobalt  and  nickel  as 
given  in  page  33. 

In  the  calculations,  the  volume  of  the  lead  suliohate 
in  the  measuring  flask  must  be  considered.  100  grams  of 
lead  in  the  form  of  lead  sulphate,  occupy  a  volume  of  23 
cc.  ;  200  grams,  46  cc.  In  the  calculation,  therefore,  the 
1750  cc.  are  not  to  be  referred  to  2000  cc,  but  to  2000 — 
46=1954  cc,  or  179.12  grams  of  Refined  Lead. 

The  above  method  is  also  applicable  to  ^Work  Lead'. 
10-50  grams  of  the  lead  will  be  sufficient.  If  the  lead 
contains  sulphur,  determine  it  as  given  on  page  181. 

HARD  LEAD. 

As  a  rule,  antimony  is  the  only  constituent  deter- 
mined in  Hard  Lead.  For  this  determination,  the  method 
given  on  page  80,  may  be  used.  If  a  complete  analysis  is 
desired,  the  method  given  under  Refined  Lead  may  be 
used. 

ANTIMONY*. 

Metallic  antimony  may  be  analyzed  by  the  method 
given  under  Refined  Lead,  or  Hard  Lead.    If  antimony 

*  To  determine  antimony  in  antimony  slags,  proceed  as  given  under 
Hard  Lead. 
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is  fused  with  sodium  carbonate  and  sulphur  and  the  fused 
mass  extracted  with  w^ater,  the  insoluble  residue  contains 
the  sulphides  of  lead,  cadmium,  copper,  bismuth,  iron, 
nicke],  manganese,  and  zinc.  The  solution  contains  an- 
timony, arsenic  and  tin,  wdiich  may  be  separated  by  the 
method  given  on  page  90. 

Determine  the  sulphur  by  the  method  given  on  page 
180,  using  hydrocliloric  acid  and  tartaric  acid  for  the  de- 
composition. 

ZINC. 

SPELTER. 

Zinc  contains  from  0,5-2.0  per  cent,  of  Lead,  to- 
gether with  more  or  less  Iron,  Cadmium  and  Arsenic,  and 
occasionally  Antimony,  Manganese,  Copper,  Tin  and  Sul- 
phur. 

Hang  a  piece  of  the  zinc  weighing  50-100  grams,  by 
a  platinum  wire  in  a  beaker  3/4  filled  w^ith  dilute  sul- 
phuric acid,  so  that  the  zinc  is  about  half  immersed  in  the 
acid.  After  a  sufficient  quantity  of  the  metal  has  dis- 
solved, filter  quickly  through  a  folded  filter  and  wash. 

A  solution  of  pure  zinc  sulphate  may  be  obtained  by 
this  method,  as  no  other  metals  will  be  dissolved  as  long 
as  undissolved  zinc  is  present.  The  metallic  impurities 
contained  in  the  zinc  will  be  deposited  on  the  surface  of 
the  zinc,  or  fall  to  the  bottom  of  the  beaker.  Free  the 
undissolved  zinc  from  the  spongy  deposit,  w^ash  off  with 
water,  dry  and  w^eigh.  The  amount  of  zinc  in  solution  is 
obtained  by  difference. 

Digest  the  spongy  mass  and  the  residue  on  the  filter 
with  nitric  acid,  and  evaporate  to  dryness.    Add  dilute 
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nitric  acid  to  the  dish  and  warm  until  all  the  soluble  mat- 
ter is  in  solution  ;  tin,  if  present,  will  be  in  the  form  of 
stannic  oxide,  and  the  residue  may  also  contain  antimony 
oxide,  silica  and  carbon.  Filter,  and  wash  the  residue  ; 
digest  with  sodium  sulphide  solution,  filter,  and  treat  the 
filtrate  as  given  on  page  88. 

If  the  zinc  contains  silica  and  carbon,  it  is  preferable 
to  determine  these  constituents  in  a  special  sample,  after 
solution  in  nitric  acid,  Evaporate  to  dryness,  warm  the 
residue  with  dilute  hydrochloric  acid,  filter  out  the  silica 
and  carbon  and  wash  with  hot  water.  Determine  the  car- 
bon by  combustion  in  a  current  of  oxygen  (see  :  Or- 
ganic Analysis),  and  weigh  the  residual  silica.  The  silica 
should  be  tested  for  impurities. 

Precipitate  the  metals  in  the  hot  filtrate  from  the 
stannic  oxide,  etc.,  with  hydrogen  sulphide  and  digest  the 
sulphides  with  potassium  sulphide.  As  a  portion  of  the 
arsenic  and  antimony  are  evolved  as  arsine  and  stibine 
during  solution  of  the  zinc,  these  elements  must  be  de- 
termined in  a  special  sample.    See  below. 

Filter  out  the  sulphides  insoluble  in  potassium  sul- 
phide, dissolve  in  dilute  nitric  acid,  add  sulphuric  acid 
and  concentrate  until  all  the  nitric  acid  is  expelled.  Add 
water  and  alcohol  to  the  cooled  mass,  filter  out  the  lead 
sulphate  and  wash  it  with  dilute  alcohol. 

Heat  the  filtrate  from  the  lead  sulphate  to  expel  the 
alcohol.  Add  ammonium  hydroxide  and  ammonium  car- 
bonate, allow  to  stand  for  some  time  and  filter  out  the 
cadmium  carbonate.  Dissolve  the  precipitate  in  hydro- 
chloric acid  and  repeat  the  precipitation.    Iguite  to  CdO. 

Acidify  the  filtrate  from  the  cadmium  carbonate,  with 
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hydrochloric  acid,  and  precipitate  the  copper  with  hydro- 
gen snlphide. 

The  filtrate  from  the  cuprous  sulphide  contains  the 
metals  of  the  ammonium  sulphide  group.  Add  ammo- 
nium hydroxide  and  ammonium  sulphide  ;  separate  the 
sulphides  according  to  the  method  given  under  Refined 
Lead. 

Determination  of  Arsenic  and  Antimony  : — Dissolve 
20-50  grams  of  the  zinc  in  aqua  regia,  evaporate  the  ex- 
cess of  acid,  and  precipitate  the  metals  with  hydrogen  sul- 
phide. Separate  the  metals  as  given  on  page  89.  If  tin 
is  present,  it  must  be  separated  as  given  on  page  90. 

If  the  zinc  evolves  hydrogen  sulphide  when  treated 
with  sulphuric  acid*,  determine  the  sulphur  by  the  method 
given  on  page  181. 

If  it  is  desired  to  determine  the  zinc  alone,  treat  a 
weighed  sample  with  acid  in  a  suitable  apparatus  and  cal- 
culate the  amount  of  zinc  from  the  volume  of  hydrogen. 
See  page  185. 

BLACK  COPPER,  t 

Copper,  Iron,  Lead,  Silver,  Arsenic,  Antimony,  Bis- 
muth, Zinc,  Nickel,  Cobalt  and  Sulphur. 

Clean  the  surface  of  the  copper  with  a  chisel,  and  di- 
gest 500-100  grams  of  copper  chips,  according  to  the  pur- 
ity, in  nitric  acid,  Sp.  Gr.  1.20,  until  all  soluble  matter  is 
in  solution.    Dilute  with  water,  filter  out  the  insoluble 


*  Test  by  passing"  the  gas  into  alkaline  lead  solution. 

t  The  simplest  method  of  analyzing-  Black  Copper,  is  by  electrolysis. 
See:  Foot  Note,  p.  1.  Fresenius  has  worked  out  a  method  (Zeit.  f, 
anal.  Chem.,  Vol.  21,  p.  229),  without  the  use  of  electrolysis,  which  is 
essentially  the  same  as  given  above. 
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matter,  wash  with  water,  transfer  to  a  2  liter  flask,  and 
dilate  to  the  mark. 

Heat  the  insoluble  residue,  consisting  of  tin,  anti- 
mony, arsenic,  and  small  amounts  of  copper,  lead,  etc.,  in 
a  porcelain  crucible  with  dehydrated  sodium  thiosulphate, 
extract  the  fuse  with  water  and  filter  out  the  insoluble 
sulphides  (copper,  lead,  etc.).  Tlie  solution  may  contain 
arsenic,  antimony  and  tin  ;  separate  them  as  given  on 
page  90. 

Digest  the  insoluble  sulphides  of  copper,  lead,  etc., 
with  nitric  acid  and  a  few  drops  of  hydrochloric  acid.  If 
any  silver  chloride  is  precipitated,  filter  it  out  on  a 
weighed  filter,  and  evaporate  the  filtrate  on  the  water- 
bath,  after  adding  sulphuric  acid.  Determine  the  lead  as 
sulphate,  and  precipitate  the  bismuth  in  the  filtrate  as 
oxj  chloride. 

Divide  the  main  solution  into  two  portions  of  1  lite]* 
each.  To  one  portion,  add  a  few  drops  of  hydrochloric 
acid  ;  if  a  precipitate  is  produced,  proceed  as  given  above. 

Add  85  grams  of  concentrated  sulphuric  acid,  with 
the  necessary  precautions,  to  the  filtrate  from  tlie  silver 
chloride,  assuming  that  each  liter  contains  50  grams  of 
copper,  evaporate  on  the  water-bath  to  expel  the  nitric 
acid,  and  then  dilute  with  water. 

Filter  the  solution,  wash  the  residue  of  lead  sulphate 
with  dilute  sulphuric  acid  and  then  with  alcohol.  As  the 
alcoholic  washings  contain  no  metals  in  solution,  they 
may  be  received  in  a  separate  beaker.  Determine  the  lead 
sulphate  as  such,  and  test  it  for  impurities*. 

Dilute  the  filtrate  from  the  lead  sulphate  to  about  4 


*  It  must  be  completely  soluble  in  ammonium  acetate. 
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liters,  add  200  cc.  of  hydrochloric  acid,  Sp.  Gr.  1.12,  warm 
the  solution  to  70-80°  C,  and  pass  hydrogen  sulphide  un- 
til the  solution  smells  strongly  of  the  gas. 

Transfer  the  solution  and  precipitate  to  a  tared  6 
liter  flask,  and  weigh.  From  the  weight  of  the  flask,  so- 
lution and  precipitate,  the  weight  of  the  solution  may  be 
obtained  by  subtracting  the  weight  of  the  empty  flask  and 
the  weight  of  cuprous  sulphide  corresponding  to  the 
weight  of  copper  contained  in  1  liter  of  the  solution. 

When  the  precipitate  has  settled,  siphon  off  as  much 
of  the  clear  solution  as  possible  and  weigh  the  flask  + 
precipitate  +  the  rest  of  the  solution. 

Evaporate  the  clear  solution  in  a  porcelain  dish,  and 
expel  the  greater  part  of  the  sulphuric  acid  by  heating  on 
a  sand-bath  ;  cool,  add  water,  oxidize  the  iron  with  hydro- 
gen peroxide  or  nitric  acid,  and  precipitate  it  with  am- 
monium hydroxide.  Filter  out  the  precipitate  of  ferric 
hydroxide,  wash  with  hot  water,  dissolve  in  hydrochloric 
acid,  and  reprecipitate.  The  filtrate  contains  nickel, 
cobalt  and  zinc,  which  may  be  separated  as  given  above. 
The  amounts  of  iron,  nickel,  etc.,  found,  are  to  be  cal- 
culated to  the  total  amount  of  solution  (2  liters) . 

The  precipitate  of  cuprous  sulphide  contained  in  the 
flask  still  contains  a  small  amount  of  arsenic,  antimony 
and  tin. 

For  their  determination,  add  sodium  or  potassium  hy- 
droxide in  slight  excess  to  the  contents  of  the  flask,  add  a 
sufficient  amount  of  sodium  or  potassium  sulphide  and 
warm  on  the  water-bath.  Cool  the  solution,  rinse  into  a 
tared  flask  and  weigh  again  ;  after  the  copper  sulphide 
has  settled,  siphon  off  the  clear  solution  and  weigh  the 
flask  and  remainder  of  the  solution.    Add  dilute  sulphuric 
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acid  to  the  clear  portion  siphoned  off,  to  precipitate  the 
sulphides  of  arsenic,  antimony  and  tin.  Separate  these 
elements  as  given  on  page  90.  Calculate  the  amounts  of 
arsenic,  antimony  and  tin,  to  the  total  solution.  Filter 
out  the  copper  sulphide,  wash  with  water  containing  a  lit- 
tle sodium  sulphide,  dissolve  in  nitric  acid  containing  a 
little  hydrochloric  acid  and  evaporate  to  expel  the  nitric 
acid.  Repeat  the  evaporation  witli  hydrochloric  acid  to 
ensure  the  complete  removal  of  the  nitric  acid.  Dissolve 
the  salts  in  water  and  filter  off  the  precipitate  of  bismuth 
oxy chloride.  As  the  latter  contains  a  small  amount  of 
copper,  dissolve  it  in  hydrochloric  acid,  add  potassium  hy- 
droxide to  alkaline  reaction,  add  potassium  cyanide  in  ex- 
cess and  then  add  potassium  sulphide.  Tlie  precipitated 
bismuth  sulphide  may  be  determined  as  such,  or  trans- 
formed into  bismuth  oxide. 

Determination  of  Sulphur  : — Add  barium  nitrate  to 
400  cc.  of  the  original  nitric  acid  solution,  and  determine 
the  barium  sulphate  as  usual. 

To  determine  phosphoric  acid,  evaporate  400  cc.  of 
the  original  solution  several  times  with  hydrochloric  acid 
to  expel  the  nitric  acid,  transfer  to  a  tared  flask  of  about 
2  liters  capacity,  and  dilute  to  about  1500  cc.  with  water  ; 
warm  the  solution,  saturate  with  hydrogen  sulphide,  and 
weigh. 

Allow  the  precipitate  to  settle,  siphon  off  a  portion 
of  the  weighed  solution,  evaporate  repeatedly  with  nitric 
acid  and  precipitate  tlie  phosphoric  acid  with  ammonium 
molybdate. 

REFINED  COPPER. 

Refined  copper  contains  Cuprous  Oxide,  together  with 
the  Metals  contained  in  Black  Copper, 


TIN 


269 


See  the  preceding  example,  for  the  determination  of 
the  elements  contained  in  Black  Copper. 

The  determination  of  cuprous  oxide  is  based  on  its  re- 
action with  a  dilute,  neutral  solution  of  silver  nitrate  ; 
copper  nitrate,  basic  copper  nitrate  and  metallic  silver  be- 
ing formed,  the  latter  two  being  precipitated  : 
3Cu20  +  6AgN03  +  3H20-2Cu(N03)2+2Cu2(OH)3N03-h6Ag 

Dissolve  about  5.5  grams  of  silver  nitrate  in  100  cc.  of 
water  and  add  about  1  gram  of  the  copper.  After  com- 
plete decomposition  (in  the  cold),  filter,  wash  the  residue, 
and  dissolve  it  in  dilute  nitric  acid.  Precipitate  the  silver 
with  hydrochloric  acid,  and  determine  the  copper  in  the 
filtrate.  The  copper  found,  multiplied  by  : 
1.5,  gives  the  amount  of  copper  present  as  cuprous  oxide  ; 
1.68948,  gives  the  amount  of  cuprous  oxide  ; 
0.18948,  gives  the  amount  of  oxygen  contained  in  the 
cuprous  oxide.  (Hampe.) 

TIN. 

The  ordinary  impurities  are  :  Copper,  Lead,  Bismuth, 
Iron,  Zinc,  Arsenic  and  Antimony. 

If  metallic  tin  is  dissolved  in  dilute  nitric  acid,  stan- 
nic oxide  remains  insoluble  when  the  excess  of  acid  is 
evaporated. 

The  stannic  oxide,  however,  always  contains  appre- 
ciable amounts  of  other  metals,  especially  copper,  lead  and 
antimony.  On  fusing  the  washed  residue  with  sodium 
carbonate  and  sulphur,  or  better,  dehydrated  sodium  thio- 
sulphate,  and  extracting  the  fuse  w4th  water,  the  copper 
and  lead  remain  insoluble  in  the  form  of  sulphides  ;  the 
sulphides  of  arsenic,  antimony  and  tin  in  solution,  may  be 
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reprecipitated  with  hydrochloric  acid,  and  determined  as 
given  on  page  91. 

The  sulphides  that  are  insoluble  in  sodium  sulphide, 
are  dissolved  in  nitric  acid  and  added  to  the  principal  so- 
lution. 

The  method  of  analysis  follows  from  what  has  been 
said  in  the  preceding  examples. 

BISMUTH. 

Contains :  Lead.  Silver,  Copper,  Arsenic,  Iron,  Co- 
balt, Nickel  and  Sulphur. 

Dissolve  a  considerable  quantity  of  the  metal  in  dilute 
nitric  acid,  evaporate  the  excess  of  acid,  and  precipitate 
the  small  amount  of  silver  with  hydrochloric  acid. 
Enough  of  the  latter  reagent  must  be  added  so  that  on  di- 
luting with  water,  bismuth  oxychloride  is  not  precipi- 
tated. 

Filter  out  the  silver  chloride,  and  precipitate  the  bis- 
muth in  the  filtrate  as  oxychloride.  See  pages  70  and  72. 
Separate  the  bismuth  oxychloride  from  the  copper  by  the 
method  given  under  Black  Copper. 

The  filtrate  contains  the  remaining  elements,  which 
may  be  separated  and  determined  by  the  methods  pre- 
viously given.    See  page  220. 

SILVER. 

Generally  contains  traces  of  Gold,  Lead,  Copper,  An- 
timony and  Arsenic. 

To  determine  the  gold,  dissolve  from  25-50  grams  in 
chlorine-free  nitric  acid,  and  determine  the  gold  as  given 
under  Galenite,  page  239. 
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NICKEL. 

CUBE  NICKEL. 

Contains  :  Copper,  Arsenic,  Antimony,  Iron,  Cobalt, 
Sulpniir,  (Carbon),  and  Silica. 

Compare  :  Analysis  of  Nickel  Matte,  page  219. 

Carbon  may  be  determined  by  the  method  given  un- 
der Pig-iron. 

PIG-IRON,   STEEL   (CHROME-STEEL,  TUNGSTEN- 
STEEL),  SPIEGELEISEN,  FERRO-MAN- 
GANESE,  FERRO-StLICON. 

The  elements  determined  in  a  complete  analysis  are  : 
Iron,  Manganese,  Copper,  Zinc,  Cobalt,  Nickel,  Chromium, 
Vanadium,  Tungsten,  Aluminum,  Titanium,  Antimony, 
Arsenic,  Manganese, Calcium,  Silicon,  Phosphorus,  Sulphur 
and  Carbon.  The  Carbon  is  partly  Combined  (Carbide  and 
Hardening  Carbon)  and  partly  in  the  form  of  Graphitic 
(and  Temper)  Carbon, 

Among  the  metals,  those  most  commonly  determined 
are:  Manganese,  Copper,  Nickel  and  Chromium.  The  de- 
termination of  Silicon  may  be  combined  with  their  deter- 
mination, as  it  is  always  separated  in  the  form  of  silica. 

Dissolve  from  5-10  grams  of  the  pulverized  iron  or 
turnings,  in  liydrochloric  acid,  Sp.  Gr.  1.124,  in  a  plati- 
num or  good  porcehiin  dish,  and  evaporate  to  dryness  on 
the  water-bath.  The  amount  taken  for  analysis  should 
depend  upon  the  amount  of  the  constituent  present. 
Moisten  the  residue  with  hydrochloric  acid,  dissolve  in 
water  and  filter  out  the  insoluble  matter.  The  residue 
contains  the  silicon  as  silica,  graphite,  chromium  and  phos- 
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phides  and  carbides  of  iron.  After  drying,  ignite  the  fil- 
ter and  insoluble  matter  in  a  platinum  crucible,  until 
nearly  all  the  graphite  has  been  burned  off,  and  then  fuse 
with  4-5  times  its  weight  of  a  mixture  of  equal  parts  of 
sodium  carbonate  and  potassium  nitrate  ;  if  the  carbon 
has  not  been  completely  burned  off,  add  a  little  more  po- 
tassium nitrate. 

Allow  the  fuse  to  cool,  dissolve  in  water,  filter,  and 
wash  the  residue.  Acidify  the  hltrate  with  hydrochloric 
acid,  and  evaporate  to  dryness  and  separate  the  silica. 
Proceed  as  given  on  page  187. 

Dissolve  the  insoluble  part  of  the  fused  mass  in  hy- 
drochloric acid,  evaporate  to  dryness,  moisten  the  residue 
with  hydrochloric  acid,  dissolve  in  water  and  add  to  the 
main  solution.  Dilute  the  latter  to  a  definite  volume, 
A,  (500  cc.) 

In  the  separation  of  silica  with  hydrochloric  acid  by 
the  preceding  method,  it  always  contains  iron,  etc.  ;  for 
this  reason  fusion  is  necessary.  If  it  is  desired  to  deter- 
mine silica  only.  Drown  and  Shiraer  recommend  to  dis- 
solve the  iron  in  nitric  acid  of  Sp.  Gr.  1.2  (12  cc.  acid  to 
1  gram  of  iron),  in  a  porcelain  or  platinum  dish,  add  con- 
centrated sulphuric  acid  (1.5  cc.  for  each  gram  of  iron) 
mix,  and  evaporate  almost  to  dryness. 

After  cooling,  add  sufficient  water  to  dissolve  all  the 
salts  of  iron,  warm,  filter  and  wash  the  residue  with  hot 
water,  then  with  25-30  cc.  of  hydrochloric  acid,  Sp.  Gr, 
1,112,  and  finally  with  hot  water.  Ignite  and  weigh  the 
silica. 

V.  Jueptner  recommends  dissolving  the  borings  in  a 
porcelain  disli  in  concentrated  hydrochloric  acid  with  a 
small    amount  of   potassium  chlorate.    After   solution ^ 
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evaporate  to  dryness  on  the  water-bath  ;  cool,  moisten  with 
concentrated  hydrochloric  acid,  allow  to  stand  a  short 
time,  and  then  dilute  with  water.  Filter  out  tlie  insolu- 
ble silica,  wash  first  with  dilute  hydrochloric  acid  (1-1) , 
and  then  with  water.    Ignite  and  w^eigh  as  Si02. 

Ferro-silicon,  which  is  high  in  silicon  and  is  decom- 
posable neither  by  hydrochloric  acid  nor  nitric  acid, 
should  be  fused  direct  with  5-6  times  its  weight  of  potas- 
sium-sodium carbonate.  Separate  the  silica  from  the 
aqueous  solution  of  the  fuse,  as  given  above. 

For  tlie  purpose  of  a  check  in  works,  where  absolute 
accuracy  is  not  required,  the  following  rapid  method  may 
be  used  for  determining  silicon  in  pig-iron.  Fuse  about  1 
gram  of  the  borings  direct  with  25  grams  of  potassium  bi- 
sulphate  in  a  large  platinum  crucible,  cool,  and  dissolve 
in  hot  hydrochloric  acid  and  water.  Filter,  and  wash  the 
silica  with  hydrochloric  acid  and  water.  When  the  sili- 
con is  from  .5-3.5%,  the  method  gives  sufficiently  ac- 
curate results  and  a  determination  can  be  made  in  11/2 
hours. 

A  number  of  the  foreign  metals  may  be  determined 
in  solution  A,  page  272,  in  case  it  is  not  preferred  to  de- 
termine the  individual  elements  in  special  samples. 

Determination  of  Manganese,  Nickel  and  Cobalt : — A 
measured  portion,  e.  g.  250  cc,  of  solution  A  is  warmed, 
and  the  metals  of  the  hydrogen  sulphide  group  (copper, 
arsenic,  antimony)  precipitated  by  that  reagent.  After 
the  precipitate  has  been  washed,  it  may  be  rejected,  as  it 
is  preferable  to  determine  these  elements  in  special  sam- 
ples. 

After  expelling  the  hydrogen  sulphide,  oxidize  the 
iron  with  nitric  acid,  hydrogen  peroxide  or  bromine,  and 
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test  for  complete  oxidation  with  potassium  ferricyanicle. 
Dilute  the  solution,  transfer  to  an  Erlenmeyer  flask,  care- 
fully neutralize  with  a  solution  of  sodium  carbonate,  add 
a  few  drops  of  acetic  acid,  and  sodium  acetate  (about  6 
grams  to  1  gram  iron)  and  boil.  Tlie  precipitate  of  basic 
ferric  acetate  also  contains  the  total  phosphoric  acid,  all  of 
the  titanic  acid,  the  alumina,  and  small  amounts  of  cobalt, 
nickel  and  manganese.  Filter  on  2  large  filter  papers, 
wash  a  few  times  w^ith  boiling  water,  dissolve  in  hydro- 
chloric acid  and  repeat  the  precipitation.  If  much  man- 
ganese is  present,  the  precipitation  must  be  repeated  sev- 
eral times  or  until  the  filtrate  is  not  precipitated  by  brom- 
ine in  potassium  bromide*  after  neutralization  w^ith  potas- 
sium hydroxide. 

The  separation  of  manganese,  nickel  and  cobalt  can 
be  made  in  the  filtrate,  according  to  the  method  given  on 
page  136. 

Bromine  may  also  be  added  to  the  alkaline  solution. 
Warm  on  the  water-bath  until  the  black  precipitate,  con- 
sisting of  the  higher  oxides  of  the  3  metals  and  a  little  fer- 
ric hydroxide,  has  settled.  After  expelling  the  bromine 
and  reducing  with  alcohol  any  permanganate  that  may 
have  been  formed,  filter  out  the  precipitate  and  wash  it 
with  hot  water.  Dissolve  the  precipitate  in  hydrochloric 
acid  and  hydrogen  peroxide,  neutralize  the  solution,  and 
separate  the  iron  as  basic  acetate.  To  separate  the  nickel 
and  cobalt  from  the  manganese,  add  20  cc.  of  acetic  acid 
to  the  filtrate,  transfer  to  a  pressure  flaskf  and  treat  w^ith 
hydrogen  sulphide,  .which  precipitates  the  sulphides  of 

*  60  g  rams  potassium  bromide,  700  cc.  water,  and  40  grams  of  bromine. 

t  Precipitation  in  a  pressure  flask  is  executed  as  follows:  Saturate 
the  solution  with  hydrogen  sulphide,  transfer  to  a  thick  walled  flask  of 
about  1  liter  capacity  (an  ordinary  suction  flask  used  for  filtering  under 
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nickel  and  cobalt.  Filter,  and  ignite  the  precipitate,  in- 
cinerating the  filter  paper  separately,  and  weigh  as  cobalt 
oxide  and  nickelous  oxide.  If  it  is  desired  to  separate 
the  cobalt,  dissolve  the  weighed  precipitate  and  separate 
the  metals  as  given  on  page  33. 

Instead  of  weighing  the  ignited  oxides  of  nickel  and 
cobalt,  they  may  be  transformed  into  sulphates,  and  the 
metals  determined  together  by  electrolysis. 

Precipitate  the  manganese  in  the  filtrate  from  the 
nickel  and  cobalt  with  ammonium  sulphide. 

The  separation  of  large  quantities  of  iron  is  greatly 
facilitated  by  Rothe's  Method.  This  method  is  based  upon 
the  easy  solubility  of  ferric  chloride  in  ether  containing 
hydrochloric  acid,  as  well  as  the  insolubility  or  difficult 
solubility  of  the  chlorides  of  copper,  manganese,  nickel, 
cobalt,  aluminum,  chromium  and  titanium,  under  these 
conditions. 

The  method,  in  general,  is  as  follows  :  Add  hydro- 
chloric acid  to  the  solution,  and  shake  with  ether  in  an 
apparatus  which  permits  the  separation  of  the  ethereal 
layer  containing  the  ferric  chloride,  and  the  layer  contain- 
ing the  other  chlorides.  Since  one  of  the  essential  condi- 
tions for  a  good  separation  of  the  two  layers,  is  the  com- 
plete absence  of  suspended  matter,  tlie  latter,  which  may 
consist  of  silica,  carbon,  etc.,  must  be  removed. 

To  analyze  an  iron  or  steel  by  this  method,  dissolve  5 

diminished  pressure,  may  be  used).  Mik  the  solution  with  an  equal 
volume  of  saturated  hydrogen  sulphide  water,  fasten  the  stopper  se- 
curely, and  close  the  side  tube  (if  a  suction  flask  is  used)  with  a  piece  of 
rubber  tubing  and  a  bit  of  glass  rod.  Support  the  flask  in  the  water- 
bath  by  means  of  a  stand  so  that  the  flask  is  immersed  up  to  the  neck 
and  does  not  touch  the  bottom.  Gradually  heat  the  water  to  boiling 
and  keep  at  this  temperature  for  3  hours.  Allow  the  flask  to  cool  in  the 
water-bath.  It  is  best  to  do  work  with  pressure  flasks,  etc.,  in  a  special 
room. 
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grams  of  the  sample  in  a  platinum  dish  in  40  cc.  of  warm 
hydrochloric  acid,  Sp.v  Gr.  1.124.  Evaporate  to  dryness 
and  heat  in  the  air-bath  at  120°  C.    Add  20  cc.  of  hydro- 


Fig.  42. 

chloric  acid,  heat  to  boiling  and  filter  out  the  silica  after 
diluting  with  3  times  the  volume  of  water.  Wash  the  sil- 
ica with  hot  water,  dry,  ignite  and  weigh.    If,  however, 
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it  is  not  desired  to  determine  the  silica,  and  the  sample 
contains  no  graphite,  hydrofluoric  acid  may  be  added  to 
the.  solution  before  evaporation,  to  volatilize  the  silica  as 
silicon  tetrafluoride. 

Dissolve  the  dry  salts  in  hydrochloric  acid,  or  use  the 
filtrate  from  the  silica,  concentrate  in  a  porcelain  dish  to 
remove  the  excess  of  acid  and  oxidize  the  solution  with 
2.-2.5  cc.  of  nitric  acid,  Sp.  Gr.  1.40,  adding  the  acid 
drop  by  drop. 

Evaporate  the  solution  to  the  consistency  of  syrup,  or 
until  ferric  chloride  crystallizes  out,  to  expel  free  chlorine 
and  nitric  acid,  which  decomposes  the  etlier.  The  solu- 
tion, which  should  have  a  total  volume  of  about  10  cc,  is 
now  ready  for  the  separation. 

The  apparatus  in  which  the  separation  is  effected,  is 
shown  in  Fig.  42.  It  consists  or  2  pipette-shaped  tubes, 
a  and  b,  each  of  about  200  cc.  capacity,  communicating 
by  the  tube  c  d,  about  2-3  mm.  in  diameter.  The  3-way 
stop-cock  e,  allows  the  two  sides  of  the  apparatus  to  be 
connected  by  the  position  shown  in  2  ;  the  positions  1 
and  4  disconnect  the  two  sides,  and  the  positions  3  and  5 
allow  either  side  to  be  emptied.  The  upper  ends  of  the  2 
sides  are  provided  with  simple  stop-cocks. 

Disconnect  the  two  sides  of  the  apparatus,  transfer 
the  solution  to  the  side  a,  by  means  of  a  long  stemmed 
funnel,  and  rinse  the  dish  and  funnel  with  sufficient  hy- 
drochloric acid  of  the  above  strength  to  make  the  total 
volume  about  55-60  cc.  Now^  add  100  cc.  of  ether  to  the 
side  b,  and  produce  a  slight  excess  of  pressure  over  the 
ether  by  means  of  the  rubber  bulb.  On  connecting  the 
two  sides  of  the  apparatus  with  the  low^er  stop-cock  in 
position  2,  the  ether   is   forced    up    through  the  iron 


278  PIG-IRON,  STEEL,  SPIEGELEISEN,  ETC. 

solution.  The  apparatus  must  be  cooled  in  a  stream  of 
water,  as  considerable  heat  will  be  generated.  As  soon 
as  about  9/10  of  the  ether  has  been  forced  over,  disconnect 
the  two  sides  of  the  apparatus  Avith  the  lower  stop-cock, 
and  close  the  upper  stop-cocks. 

Shake  the  contents  of  the  flask  for  a  short  time  while 
cooling  in  the  stream  of  water,  and  then  transfer  the  re- 
mainder of  the  ether  over  into  a.  The  last  reserve  por- 
tion of  ether  serves  to  rinse  from  the  capillary  tube  c,  any 
iron  solution  wdiich  has  not  come  in  contact  w^ith  the  first 
portion  of  ether.  Now  close  the  apparatus  above  and  be- 
low, shake  again  and  allow  to  stand  quiet  for  2-3  minutes  ; 
this  allows  a  separation  of  the  green  colored  ethereal  layer 
above,  containing  the  iron,  and  the  hydrochloric  acid  so- 
lution below,  containing  the  foreign  metals,  which,  how- 
ever, is  generally  covered  more  or  less  by  ferric  chloride. 

Open  the  stop-cock  e  and  allow  the  heavy  low^er  layer 
to  fiow^  over  into  the  side  b,  leaving  just  enough  in  the  side 

a,  to  fill  the  capillary  tube  c.  Disconnect  the  two  sides 
again,  and  shake  the  apparatus,  to  rinse  any  adhering  acid 
solution  from  the  sides  of  the  flask,  and  allow  to  stand 
quiet  for  a  few  minutes.  When  the  ethereal  layer  is  per- 
fectly clear,  transfer  the  remainder  of  the  heavy  layer  to 

b,  and  do  not  close  the  low^er  stop-cock  until  a  little  of  the 
ethereal  layer  has  passed  over  into  d. 

Draw  off  the  ethereal  layer  containing  tlie  iron  into  a 
beaker.  Close  the  3-w^ay  stop-cock  and  rinse  the  Avails  of  the 
side  a  with  a  small  amount  of  ether.  When  the  washings 
have  collected  in  c,  it  can  readily  be  seen  whether  any  for- 
eign metals  are  still  present.  If  such  is  the  case,  trans- 
fer the  lower  layer  containing  them  to  the  side  b.  Final- 
ly rinse  the  side  with  a  little  ether  and  add  to  the  iron  so- 
lution. 
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A  single  shaking  with  ether  never  suffices  to  remove 
all  the  iron.  Therefore  add  50  cc.  of  ether  in  a,  and  re- 
peat the  operation.  It  is  generally  necessary  to  repeat 
the  shaking  2-3  times  to  remove  all  the  iron. 

Add  hydrochloric  acid  to  the  solution  containing  the 
foreign  metals  and  a  little  ether,  heat  on  the  water-bath  to 
volatilize  the  ether,  and  finally  evaporate  to  dryness. 
Separate  the  metals  as  given  on  page  268. 

The  method  to  be  used  if  aluminum  is  present,  is 
given  below.  Titanium  and  chromium  must  be  separated 
according  to  tlie  usual  methods ;  their  determination 
should  be  made  in  a  special  sample.    See  below\ 

As  copper  and  cobalt  chlorides  are  slightly  soluble  in 
ether,  if  large  quantities  of  these  metals  are  contained  in 
the  sample,  (which,  however;  is  not  the  case  with  ii'on 
and  steel),  it  is  necessary  to  shake  tlie  first  and  second 
ethereal  iron  solution  with  10  cc.  of  hydrochloric  acid,  Sp. 
Gr.  1.104,  and  draw^  off  the  lower  layer  containing  the 
copper  and  cobalt,  into  a  separate  beaker. 

Determination  of  Aluminum  : — Aluminum  is  never 
contained  in  iron  unless  intentionally  added.  Dissolve  6 
grams  of  the  metal  and  prepare  the  solution  for  extraction 
with  ether  exactly  as  given  in  the  preceding  method.  The 
final  hydrochloric  acid  solution  obtained  by  concentration 
should  contain  no  precipitate  of  basic  aluminum  salts,  and 
should  be  perfectly  clear. 

Free  the  solution  from  iron  by  shaking  twice  with 
ether,  and  evaporate  the  iron-free  solution  to  dryness  on 
the  water-bath.  Dissolve  the  salts  in  hydrochloric  acid 
and  water,  add  about  6  grams  of  sodium  acetate  to  the  so- 
lution, heat  to  boiling  and  precipitate  the  aluminum  by 
adding  2  cc.  of  a  concentrated  solution  of  sodium  phos- 
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pbate.  Filter  out  the  aluminum  phosphate,  and  wash 
witli  hot  water.  The  precipitate  is  generally  contami- 
nated with  ti'aces  of  iron,  manganese  and  copper.  Dis- 
solve in  liydrochloric  acid  in  a  platinum  dish,  evaporate  to 
dryness,  add  2-3  cc.  of  water  and  2  grams  of  sodium  hy- 
droxide that  contains  no  aluminum.  Boil  for  some  time, 
transfer  to  a  300  cc.  graduated  flask,  and  dilute  to  the 
mark.  Filter  off  250  cc,  acidify  with  acetic  acid,  boil, 
and  precipitate  the  aluminum  as  phosphate. 

In  the  case  of  iron  containing  but  little  manganese, 
the  first  precipitation  with  sodium  phosphate  may  be 
omitted,  by  evaporating  the  solution  to  dryness  and  treat- 
ing at  once  with  5  cc.  of  water  and  5  cc.  of  sodium  hy- 
droxide. 

Determination  of  Manganese  : — In  many  cases,  a  de- 
termination of  manganese,  without  regard  to  tlie  other 
constituents,  is  desired.  A  convenient  method  is  the  one 
devised  by  Volliard,  which  is  applicable  in  the  analysis  of 
ferro-manganese  and  all  irons  and  steels. 

Dissolve  a  weighed  sample  in  warm  hydrocliloric  acid 
Sp.  Gr.  1.124,  in  a  calibrated  liter  flask.  The  quantity  to 
be  taken  depends  upon  the  nature  of  the  substance  ;  for  ferro- 
manganese  use  .5  gram  sample  and  30  cc.  of  acid,  and  for 
spiegeleisen,  white  pig-iron  and  other  irons,  2.5  grams 
and  50  cc.  of  acid.  When  the  sample  is  in  solution,  cool, 
dilute  with  50-100  cc.  of  water,  oxidize  the  iron  with  2-3 
grams  of  potassium  chlorate,  boil  off  the  chlorine  and  test 
for  ferrous  iron  with  potassium  ferricyanide. 

Dilute  to  the  mark,  and  draw  off  200  cc.  of  the  solu- 
tion for  titration.  Transfer  to  an  Erlenmeyer  flask  of  1 
liter  capacity,  dilute  with  200  cc.  of  water,  warm  to  at 
least  50°  C,  and  add  zinc  oxide  suspended  in  water,  until 


PIG-IRON,   STEEL,   SPIEGELEISEN,  ETC. 


281 


the  solution  appears  milky.  An  unnecessary  excess  of 
zinc  oxide  should  be  avoided.  Heat  the  solution  to  boil- 
ing, and  titrate  with  permanganate  solution,  without  fil- 
tration, until  the  pink  color  of  permanganic  acid  is  pei'- 
maneut  after  standing  for  some  time. 

The  presence  of  free  zinc  oxide  renders  the  titration 
possible  even  if  the  manganese  is  present  as  manganous 
chloride,  as  the  free  hydrochloric  acid  liberated  during  the 
reaction,  which  would  hinder  the  formation  of  manganese 
dioxide,  is  neutralized  by  the  excess  of  zinc  oxide  : 

3MnCl2  +  2KMn04  +  2H20=2KCl-f-5Mn02  +  4HCl 

4HCl  +  2ZnO=2ZnCl2  +  2H20. 

Another  method  for  the  volumetric  determination  of 
manganese,  has  been  suggested  by  Hampe.  The  method 
is  based  upon  the  oxidation  of  tlie  manganese  to  manga- 
nese dioxide  by  potassium  chlorate  and  boiling  nitric  acid. 
The  manganese  dioxide  formed  is  reduced  by  an  excess  of 
standai'd  ferrous  iron  solution,  and  the  excess  of  the  latter 
titrated  back  with  permanganate. 

The  following  reactions  take  place  : 

KC103H-HNO:.=HC103-fKN03 ; 
2HC103  +  Mn(N03)2=Mn02  +  2C102  +  2HN03; 
insoluble 

Mn02-i-2FeS04-|-2H2S04=-MnS04  +  Fe2(S04)3  +  2H20, 
Nitric  acid,  Sp.  Gr.  1.42,  and  successive  additions  of 
potassium  chlorate,  are  necessary  to  precipitate  pure  man- 
ganese dioxide. 

This  method  is  especially  suitable  for  irons  low  in 
silicon  (ferro- manganese,  spiegeleisen,  etc.),  as  high  sili- 
con irons  require  previous  filtration  to  remove  the  silica. 
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Tlie  method  is  as  follows  :  Dissolve  from  1-10  grams,  ac- 
cording to  the  amount  of  manganese,  in  20-50  cc.  of  nitric 
acid^  in  an  Erlenmeyer  flask,  add  potassium  chlorate  in 
small  portions,  and  boil  for  5-10  minutes.  Cool,  dilute 
witli  water,  filter  out  the  manganese  dioxide  and  wash 
with  w^ater.  Pierce  tlie  point  of  the  filter  paper  and  rinse 
tlie  precipitate  back  into  the  flask.  Drop  a  few  cc.  of 
the  standard  ferrous  sulpliate  solution  onto  tlie  filter  from 
a  burette  and  rinse  into  a  flask,  add  a  sufficient  amount  of 
the  fei'rous  sulphate  solution  to  reduce  the  manganese  di- 
oxide, close  the  flask  with  a  'Bunsen  valve'  and  wai-m  on 
the  water-bath  to  complete  solution.  Titrate  back  the  ex- 
cess of  ferrous  ii'on  with  permanganate.  See  :  Volumetric 
Analj^sis. 

[Julien,f  has  recommended  a  modification  of  the 
above  method  which  considerably  shortens  the  process 
without  sacrificing  accui-acy.  Obtain  the  manganese  di- 
oxide exactly  as  given  above  ;  when  the  manganese  is  all 
oxidized  to  dioxide,  cool,  and  dilute  to  400-450  cc.  Now 
add  from  a  burette  an  excess  of  standard  hydrogen  perox- 
ide, to  completely  dissolve  the  precipitate.  Titi-ate  the  ex- 
cess of  hydrogen  peroxide  with  potassium  permanganate. 
The  method  is  suitable  for  all  compounds  of  iron  and 
manganese,  and  has  come  into  extensive  use  in  American 
steel  works.] 

For  spiegeleisen  high  in  manganese  and  for  ferro- 
manganese,  use  a  solution  of  ferrous-ammonium  sulphate 
containing  71.4085  grams  per  liter  ;  before  diluting  to  the 
mark,  add  50  cc.  of  sulphuric  acid.    1  cc.  of  this  solution 

*  In  the  case  of  irons  containing-  graphite,  in  which  the  method  is 
not  so  suitable,  use  3-4  times  as  much  nitric  acid  as  is  given  above, 
t  [Jour.  Brit.  Iron  and  Steellnst.,  1898-  11,  p.  557]. 
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corresponds  to  0.005  gram  of  manganese.  A  correspond- 
ing permanganate  solution  is  obtained  by  dissolving  5.7547 
grams  of  pure,  cr3^stallized  potassium  permanganate  in  1 
liter  of  distilled  water.  It  is  advisable  to  standardize  the 
permanganate  solution  independent  of  the  ferrous-ammon- 
ium sulphate  solution,  and  then  to  check  the  latter  against 
the  former. 

Oxalic  acid,  as  well  as  ferrous  sulphate,  may  be  used 
in  standardizing  the  permanganate  solution.  See  :  Volu- 
metric Analysis,  Potassium  Permanganate  and  Ferrous 
Salts. 

If  the  solution  being  titrated  contains  a  large  excess 
of  sulpliuric  acid,  it  hinders  tlie  formation  of  manganese 
dioxide  by  nitric  acid  and  potassium  chlorate.  To  remove 
the  sulphuric  acid,  add  barium  nitrate.  Tlie  small 
amount  of  sulphur  usuall}^  contained  in  irons,  however, 
need  not  be  considered  in  this  respect.  Large  amounts  of 
cobalt,  lead  and  bismuth  interfere  with  the  determination 
of  manganese.  In  this  case  also,  good  results  may  be  ob- 
tained by  dissolving  the  precipitate  in  a  mixture  of  nitric 
acid  and  oxalic  acid  and  repeating  the  oxidation  with 
potassium  chlorate.  Copper,  zinc,  nickel  and  tin  do  not 
interfere,  so  that  the  method  is  suitable  for  the  determina- 
tion of  manganese  in  commercial  metals  and  alloys. 

Gravimetric  Determination  of  Manganese  : — First 
separate  the  iron  by  the  basic  acetate  method  or  by  ex- 
traction of  the  ferric  chloride  with  ether.  The  manganese 
may  then  be  precipitated  as  sulphide.  It  should  be  re- 
membered, however,  that  cobalt,  nickel,  zinc,  etc.,  are 
also  precipitated  ;  their  separation  is  given  on  page  274. 
Manganese  may  also  be  precipitated  in  the  filtrate  from 


284  PIG-IRON,  STEEL,  SPIEGELEISEN,  ETC. 


the  basic  ferric  acetate,  hy  oxidation  with  bromine.  Add 
ammonium  chloride  and  ammonium  h3^droxide,  and  then 
pass  air  saturated  with  bromine  vapor  througli  tlie  sohi- 
tion.  Filter  out  the  pi'ecipitate,  wash,  ignite  to  Mn304, 
and  weigh. 

Determination  of  Tungsten  : — Tungsten  is  rarely  con- 
tained in  ordinar}^  iron,  but  is  .contained  in  tungsten  steel 
in  considerable  quantity.  In  analysis,  it  is  oxidized  to 
tungstic  acid  ;  either  aqua  regia  or  bromine  is  used  for 
this  purpose.  In  the  first  case,  add  aqua  regia  to  the 
turnings,  warm  to  solution  and  finally  evaporate  to  dr}-- 
ness.  In  the  case  of  bromine,  which  has  the  advantage 
that  but  little  tungstic  acid  separates  at  first  and  that  the 
iron  dissolves  more  quickly,  pour  water  on  the  filings  and 
then  add  the  bromine  in  successive  small  portions.  In 
both  cases,  the  final  solution  must  be  in  nitric  acid. 
Evaporate  to  dryness  repeatedly  with  nitric  acid,  then  dis- 
solve the  salts  in  nitric  acid  and  filter  off  the  tungstic  (and 
silicic)  acid.  As  the  tungstic  acid  still  contains  iron,  fuse 
it  in  a  platinum  ci'ucible  with  sodium  carbonate,  extract 
wath  Avater  and  filtei"  out  the  fei'ric  oxide. 

Transfer  the  filtrate  containing  the  sodium  tungstate 
to  a  porcelain  dish,  acidify  with  nitric  acid,  and  evaporate 
to  dryness  on  the  water-bath.  Digest  the  residue  with  di- 
lute nitric  acid,  filter,  wash,  ignite  and  weigh  as  Si02H- 
W0O3.  To  separate  the  silica  from  the  tungstic  acid,  fuse 
them  with  5  times  their  weight  of  potassium  acid  sulphate 
and  continue  the  heating  until  no  moi'e  particles  of  tung- 
stic acid  are  visible  in  the  mass.  Cool,  and  extract  the 
mass  with  a  diliite  solution  of  ammonium  carbonate.  Fil- 
ter out  the  residual  silica,  wash  with  hot  water,  ignite  and 
weigh . 
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Ziegler  has  suggested  a  simple  method  for  tlie  deter- 
mination of  tungsten.  Dissolve  the  sample  in  nitric  acid, 
Sp.  Gr.  1.18,  (16  cc.  for  each  gram  of  iron)  ;  after  solu- 
tion, add  twice  the  volume  of  dilute  sulphuric  acid  (1  :5) 
and  warm  until  the  nitric  acid  has  been  expelled. 

Dilute  the  solution  with  water,  filter,  wash  with  di- 
lute hydrochloric  acid  and  weigh  the  residue  consisting  of 
tungstic  acid  and  silica  (if  the  iron  contained  silicon). 
Then  volatilize  the  silica  by  heating  with  a  few^  drops  of 
hydrofluoi'ic  ncid,  and  ignite  again  ;  the  residue  is  W0O3. 

Any  i-esidue  insoluble  in  acid  should  be  decomposed 
by  fusion  w^ith  potassium-sodium  carbonate,  and  the  silica 
then  separated  as  given  undei'  Analysis  of  Silicates.  Di- 
lute hydrochloric  acid  should  always  be  used  for  washing 
tungstic  acid,  as  pure  water  causes  the  precipitate  to  pass 
through  the  filter. 

Determination  of  Chi'omium  and  Vanadium  : — Vana- 
dium is  often  found  in  pig-iron,  as  it  is  a  constituent  of 
some  Limonites.  Chromium  almost  always  accompanies 
vanadium,  and-  is  also  intentionally  added  to  iron  in  the 
manufacture  of  chrome  steel.  Chromium  is  found  in  but 
small  amounts  in  pig-iron,  but  chrome  steel  and  ferro- 
chrome  contain  considerable  quantities. 

The  determination  of  chromium  depends  upon  the  for- 
mation of  chromic  acid,  reduction  of  the  latter  by  a  meas- 
ured excess  of  standard  ferrous  sulphate,  and  titration  of 
the  excess  of  the  latter  with  potassium  permanganate. 

Dissolve  5-10  grams  of  pig-iron  or  steel  in  5  times  the 
amount  of  dilute  hydrochloric  acid  (1.  acid,  Sp.  Gr.  1.12  : 
2.  water),  in  absence  of  air  to  avoid  oxidation  if  the  iron, 
boil,  and  add  twice  the  volume  of  water.  Cool  the  solu- 
tion, shake,  and  add  a  slight  excess  of  barium  carbonate  ; 
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now  fill  the  flask  witli  water,  stopper,  and  allow  to  stand 
at  the  ordinary  temperature  for  24  hours,  stii-ring  occa- 
sionally. 

The  precipitate  contains  all  of  the  chi'omium.  Filter, 
wash  quickly  with  cold  water,  ignite  to  burn  off"  the 
graphite,  and  ignite  for  2  hours  with  10  times  its  weight 
of  a  mixture  consisting  of  4  parts  of  sodium-poiassium  car- 
bonate and  6  parts  of  magnesia. 

Alloys  of  iron  and  chromium,  (ferro-clirome)  which 
are  not  completely  soluble  in  acids,  may  be  decomposed 
by  finely  pulverizing,  and  igniting  2  grrtms  with  1.25 
grams  of  the  carbonate  mixture  and  2  grams  of  magnesia, 
as  given  above. 

Digest  the  sintered  mass  with  hot  water,  which  dis- 
solves the  alkaline  chromate.  Add  dilute  sulphuric  acid 
and  boil.  After  cooling,  add  a  measured  volume  of  ferrous 
sulphate,*  and  titrate  back  the  excess  with  potassium  per- 
manganate ;  the  end  reaction  is  the  change  of  color  from 
green  to  violet.  Titrate  the  same  amount  of  ferrous  sul- 
phate with  permanganate,  and  calculate  the  amount  of 
chromium  from  the  difference. 

The  end  reaction  on  titrating  cliromium  solutions  with 
permanganate  is  not  very  sharp.  Therefore,  in  deter- 
mining small  amounts  of  chromium  in  pig-iron,  the  gravi- 
metric metliod  is  preferable.  Add  hydrochloric  acid  to 
the  chromate  solution  and  evaporate  to  dryness.  .Dis- 
solve the  salts  in  dilute  hydrochloric  acid,  filter  out  the 
silica,  add  sodium  carbonate  and  bromine-water  and  warm 
to  oxidize  the  chromium  to  chromate.  The  chromate  may 
be  determined  by  the  method  given  on  page  208. 


*  50  g-rams  of  ferrous  sulphate,  750  cc.  of  water,  and  250  cc.  of  con- 
centrated sulphuric  acid. 
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The  above  method  provides  only  for  the  determination 
of  chromium.  If  it  is  desired  to  determine  vanadium 
also,  the  precipitate  produced  b)^  barium  carbonate  in  the 
solution  of  a  sample  of  steel  or  pig-iron,  should  be  fused 
with  10  parts  of  sodium-potassium  carbonate  and  1  part 
of  potassium  nitrate.  The  water  solution  of  the  fuse  con- 
tains the  chromium  in  the  form  of  chromate,  and  the  van- 
adium as  vanadate. 

Add  hydrochloric  acid  and  alcohol,  and  evaporate  to 
dryness.  Dissolve  in  hydrochloric  acid  and  water,  filter 
out  the  silica,  boil,  and  precipitate  with  ammonium  hy- 
droxide. To  free  the  chromic  hydroxide  from  phosphoric 
acid,  dry  the  precipitate,  ignite  with  the  above  mixture  of 
sodium-potassium  carbonate  and  magnesia,  ai.o  extract 
with  water  ;  determine  the  chromium  in  the  filtrate. 

The  filtrate  from  the  chromium  hydroxide  contains 
the  vanadium.  Add  yellow  ammonium  sulphide,  which 
produce  a  red  color  in  the  solution.  After  neutralization, 
or  slightly  acidifying  with  acetic  acid,  allow  to  stand  24 
hours,  filter,  and  wash  the  vanadium  sulphide  with  hy- 
drogen sulphide  water,  ignite  in  an  inclined  crucible  and 
weigh  as  V2O5. 

Vanadium  may  be  determined  in  ferro-chrome  by  the 
same  method,  by  decomposing  with  alkaline  carbonate 
and  magnesia. 

Separate  Determination  of  Copper  : — As  this  metal  is 
contained  in  the  pig-iron  or  steel  in  small  proportions, 
5-10  grams  are  necessary  for  the  determination.  If  the 
sulphur  has  been  determined  by  the  method  given  on  pa- 
ges 292  and  181,  the  ferrous  solution  may  be  used  for  the 
determination  of  copper.  Otherwise,  dissolve  the  requis- 
ite quantity  of  metal  in  hydrochloric  acid  and  saturate  the 
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solution  witli  hydrogen  sulptiide  and  filter.  Treat  the  sul- 
phide precipitate  with  sodium  sulphide  to  remove  arsenic 
and  antimony,  dissolve  tlie  cuprous  sulphide  in  nitric  acid 
and  precipitate  the  copper  by  electrolysis.^ 

Iron  is  generally  calculated  by  difference.  To  deter- 
mine it  directly,  dissolve  a  sample  in  hydrochloric  acid, 
and  titi'ate  Avith  either  permanganate  or  stannous  chloride. 

In  the  former  case,  it  is  advisable  to  concentrate  the 
solution  by  evaporation,  to  expel  the  absorbed  carbon  di- 
oxide, as  the  latter  may  react  with  permanganate.  It  is 
self-evident  that  the  solution  must  be  reduced  w^ith  zinc  be- 
fore titration.    See  Siderite. 

Determination  of  Arsenic  and  Antimony  : — Dissolve 
about  10  grams  of  pig-iron  in  aqua  regia  in  a  large  beak- 
er ;  wiien  no  more  action  is  visible,  evaporate  to  dryness 
on  the  water-bath.  Warm  the  salts  with  dilute  hydro- 
chloric acid,  filter,  and  fuse  the  residue  that  w^as  insoluble 
in  aqua  regia,  with  sodium  carbonate  and  potassium  ni- 
trate. Dissolve  the  fused  mass  in  w^ater  and  add  to  the 
main  solution.  Reduce  the  iron  to  the  ferrous  condicion 
by  w^arming  with  sulphur  dioxide  or  potassium  bisulphite, 
and  saturate  the  warm  solution  with  hydrogen  sulphide. 
Digest  the  sulphides  with  sodium  sulphide,  which  dis- 
solves the  sulphides  of  arsenic  and  antimony.  The  latter 
may  be  separated  and  determined  as  given  on  pages  89 
and  142. 

This  very  exact  method  may  be  replaced  by  a  more 
simple  one.  Dissolve  25-50  grams  of  the  metal  in  hydro- 
chloric acid,  as  given  in  the  determination  of  copper.  But 
slight  traces  of  arsenic  are  evolved  in  the  form  of  arsine, 


*  See:   Foot  Note,  p.  1. 
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as  iron  behaves  differently  than  zinc,  and  most  of  the  ar- 
senic is  precipitated  as  such.  Saturate  the  unfiltered  so- 
lution with  hydrogen  sulphide,  filter,  wash  the  precipitate 
with  hydrogen  sulphide  water  and  dissolve  it  in  liydro- 
cliloric  acid  and  potassium  chlorate,  after  the  free  chlorine 
has  been  expelled  by  heat,  which,  in  the  presence  of  potas- 
sium cliloride,  can  be  accomplished  without  fear  of  loss  ; 
transfer  the  residue  to  the  apparatus  shown  on  page  91 
and  distil  the  arsenic.  The  residue  in  the  distilling  flask 
can  be  used  for  the  determination  of  copper  and  antimony. 

If  several  successive  determinations  of  arsenic  have  to 
be  made,  v.  Reis  has  suggested  the  following  rapid 
method,  which  gives  accurate  and  closely  agreeing  results. 
Dissolve  10-25  grams,  according  to  the  content  of  arsenic, 
in  a  large  beaker,  with  100  cc.  of  water  and  20  cc.  of  con- 
centrated sulphuric  acid.  When  the  action  is  over,  boil 
for  10  minutes,  filter  and  wash  the  residue.  The  latter 
contains  the  carbon  and  undissolved  iron  comi:)Ounds, 
together  with  all  of  the  metals  of  the  hydrogen  sul- 
phide group.  Transfer  the  residue  to  a  beaker,  add  20 
cc.  of  water,  3-4  grams  of  potassium  chlorate  and  20  cc.  of 
concentrated  hydrochloric  acid.  Heat  until  all  soluble 
matter  is  dissolved  and  the  chlorine  is  expelled.  Dilute 
w^itli  25  cc.  of  water,  filter  and  wash  the  residue  with  hot 
dilute  hydrochloric  acid.  The  solution  contains  all  of  the 
arsenic,  and  some  copper  and  iron.  V.  Reis  used  ammon- 
ium sulpho-carbonate  to  separate  arsenic  from  the  remain- 
ing metals.  If  the  arsenic  solution  contains  a  large  quan- 
tity of  iron  (e.  g.  in  pig-iron,)  it  is  desirable  to  reduce  the 
iron  before  precipitating  with  ammonium  sulpho-carbon- 
ate. A  convenient  metliod  for  the  reduction  is  to  boil  and 
add  solid  sodium  hypopliosphite  in  small  portions.    If  but 
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a  small  amount  of  iron  is  present,  the  ammonium  sulpbo- 
carbonate  itself  will  serve  as  the  reducer.  Cool  the  solu- 
sion,  add  a  solution  of  tlie  above  reagent  and  stir  vigor- 
ously for  some  time  to  collect  the  precipitate.  When  the 
precipitate  has  settled,  filter,  wash  first  with  warm  dilute 
hydrochloric  acid,  and  then  with  hot  water.  Dissolve  the 
precipitate  off  the  filter  with  about  10  cc.  of  concentrated 
ammonium  hydroxide. 

Wash  the  filter  with  dilute  ammonium  hydroxide,  and 
oxidize  the  warm  filtrate  and  washings  with  about  10  cc. 
of  hydrogen  peroxide  (containing  no  phosphoric  acid). 
After  cooling,  precipitate  the  arsenic  acid  with  magnesium 
chloride  solution  and  determine  as  pyroarsenate.  It  is 
recommended  to  dissolve  the  precipitate  in  nitric  acid, 
evaporate  in  a  porcelain  crucible  and  re-ignite.  See  page 
96. 

Ammonium  sulpho-carbonate  is  prepared  as  follows : 
Shake  together  500  cc.  concentrated  ammonium  hydroxide 
and  50  cc.  carbon  bisulphide.  To  facilitate  the  combina- 
tion, which  is  slow  when  aqueous  ammonium  hydroxide  is 
used,  it  is  desirable  to  use  an  alcoholic  ammonia  solution. 
Dilute  the  red-colored  solution  obtained  with  4  parts  of 
water.  As  the  solution  of  the  salt  is  strongl}^  alkaline, 
care  must  be  taken  that  the  solution  is  acid  after  the  pre- 
cipitation ;  if  necessary,  add  hydrochloric  acid. 

Determination  of  Titanium  For  this  determina- 
tion, a  large  sample  of  iron  must  be  taken  ;  about  20-25 
grams  will  be  sufficient.  Dissolve  the  iron. in  nitric  acid, 
Sp.  Gr.  1.18,  evaporate  to  dryness  in  a  porcelain  dish,  dis- 
solve in  hydrochloric  acid,  evaporate  to  dryness  again  and 
■dissolve  the  residue  in  dilute  hydrochloric  acid.  Filter 

*  [Compare  Determination  of  Titanium  in  Magnetite.] 
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out  the  insoluble  matter,  which  consists  of  graphite  and 
silica,  as  well  as  a  small  amount  of  iron.  Evaporate  the 
filtrate  containing  all  tlie  titanium  and  the  rest  of  the  iron, 
to  aboui  50  cc,  shake  2  times  with  10  cc.  of  ether,  as 
given  on  page  275.  The  titanium  is  contained  in  the 
chloride  solution  of  the  foreign  metals,  and  partly  separ- 
ates out  in  a  flocculent  condition.  Evaporate  to  dryness, 
treat  the  dry  salts  with  hydrochloric  acid  and  water,  filter, 
wash  and  ignite  the  titanic  acid. 

Titanium  is  precipitated  with  iron,  aluminum  and 
phosphoric  acid,  in  the  basic  acetate  separation. 

In  exact  analysis,  it  is  advisable  to  test  for  titanium 
in  the  filtrate  from  the  basic  acetate  precipitate.  Fuse 
the  final  precipitate  with  potassium  bisulphate  after  wash- 
ing with  hot  water,  extract  the  fuse  with  water,  filter  out 
any  silica  that  may  be  present,  and  precipitate  the  titan- 
ium in  the  filtrate  by  the  method  given  on  page  173. 

Drown  and  Shimer  determine  titanium  by  first  heat- 
ing the  iron  in  a  porcelain  boat  in  a  current  of  dry  chlo- 
rine. The  chlorides  of  iron  and  manganese  are  condensed 
in  greater  part  in  the  combustion  tube,  especially  if  the 
tube  is  somewhat  longer  than  is  ordinarily  used.  The 
chlorides  of  titanium  and  silicon  may  be  absorbed  in  an 
apparatus  partly  filled  with  water.  On  subsequent  boil- 
ing, the  titanium  and  silica  are  precipitated.  To  obtain  a 
quantitative  separation,  acidify  the  solution  strongly  with 
hydrochloric  acid,  add  about  15  cc.  of  dilute  sulphuric 
acid  and  evaporate  until  all  the  hydrochloric  acid  is  ex- 
pelled. Filter  out  the  silica  and  precipitate  the  titanium 
by  boiling  the  diluted  filtrate,  replacing  the  water  as  it 
evaporates. 

Determination  of  Sulphur  : — Sulijhur  may  be  deter- 
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mined  b}^  the  method  described  on  page  180,  using  about 
10-15  grams  of  substance.  If  bromine  i'^  used,  it  reacts 
with  the  evolved  hydrocarbons,  forming  oily  drops  of  red- 
dish yellow  propylene  bromide,*  which  separate  out  in 
the  absorption  tube  ;  they  disappear  when  the  liquid  is 
subsequently  evaporated. 

Fresenius  determines  the  sulphur  by  treating  tlie  drill- 
ings with  hydrochloric  acid  and  passing  the  evolved  hy- 
drogen sulphide  and  hydrocarbons  into  an  alkaline  lead 
solution. 


The  apparatus  used  is  s]iown  in  Fig.  43. 


Fig.  43. 

Place  tlie  weighed  sample  of  iron  in  the  flask  K,  and 
cover  with  water.  The  flask  A  contains  the  hydrochloric 
acid,  Sp.  Gr.  1.12  to  be  used  for  dissolving  the  iron,  and 
B  and  C  contain  a  solution  of  lead  oxide  in  potassium  hy- 
droxide.   Draw  up  the  tube  b  until  it  is  above  the  acid, 


*  Cloez.    Bar.  deutsch.  chem.  Gesell.  Vol.  7,  p.  823. 
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open  the  stop-cock  c,  and  fill  the  entire  apparatus  with 
purified  liydrogen. 

Purify  tlie  liydrogen  from  hydrogen  sulphide  by  pass- 
ing the  gas  through  a  wash-bottle  containing  a  solution  of 
mercuric  chloride.  When  the  apparatus  is  filled  with  hy- 
drogen-, lower  the  tube  b  into  the  acid  and  again  open  tlie 
stop-cock  c,  which  allows  a  quantity  of  acid  to  pass  over 
into  K  ;  close  the  pinch-cock  d,  and  warm  the  flask  K  un- 
til the  iron  is  in  solution.  If  there  is  not  sufficient  acid 
in  tlie  flask  for  complete  solution,  allow  more  to  pass  over. 
When  the  iron  is  all  dissolved,  draw  the  tube  b  out  of  the 
acid,  pass  a  current  of  hydrogen  through  the  apparatus, 
and  heat  the  solution  in  K  to  boiling. 

Filter  out  the  lead  sulphide  in  B  and  C,  dry  it,  and 
fuse  with  sodium  carbonate  and  potassium  nitrate.  The 
water  solution  of  the  fuse  contains  the  sulphuric  acid. 
To  remove  the  small  amount  of  lead  which  has  passed  into 
solution,  pass  a  current  of  cai'bon  dioxide,  acidify  with 
hydrochloric  acid  and  evaporate  to  dryness.  Dissolve  the 
residue  in  dilute  hydrochloric  acid  and  precipitate  the  sul- 
phuric acid  with  barium  chloride. 

In  the  case  of  certain  difficultly  soluble  irons,  it  is 
possible  that  the  solution  in  B  might  become  acid,  owing 
to  part  of  tlie  solution  distilling  over,  and  a  portion  of  the 
lead  sulphide  be  dissolved.  It  is  desirable,  therefore,  to 
attach  to  the  flask  K,  the  condenser  devised  by  the  author. 
See  page  58. 

It  has  been  ascertained  by  numerous  experiments, 
that  the  hydrogen  sulphide  method  is  not  applicable  to  all 
irons,  as  some  contain  sulphur  that  is  not  evolved  by  this 
method.  In  this  case,  filter,  and  wash  the  residue,  rinse 
into  a  porcelain  dish  with  hydrochloric  acid,  warm  and 
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gracUially  add  potassium  chlorate.  Evaporate  to  dryness, 
dissolve  in  hydrocbloiic  acid,  filter,  and  precipitate  the 
sulphuric  acid  in  the  filtrate.  In  the  case  of  ferro-silicon, 
and  pig-irons  liigh  in  silicon,  it  is  advisable  to  examine  the 
hydrochloric  acid  solution  for  sulphur. 

When  iron  is  dissolved  in  dilute  hydrochloric  acid,  all 
the  sulphur  present  is  not  evolved  in  the  form  of  hydrogen 
sulphide.  A  part  is  evolved  as  an  organic  compound, 
methyl  sulphide,  (CH3)2S,  whose  sulphur  is  neitlier  oxi- 
dized to  sulphuric  acid,  nor  pi'ecipitated  as  metallic  sul- 
phide, and  is,  therefore,  lost  in  the  analysis.  Although  it 
is  disputed  by  some  chemists  tliat  tl]ere  is  a  loss  of  sul- 
phur in  this  manner — the  amount  of  the  organic  com- 
pound is  variable  in  different  kinds  of  iron — it  is  advisable 
in  exact  analysis  to  pass  the  gas  through  an  ignited  tube 
by  means  of  which  the  sulphur  of  the  organic  compound 
is  changed  to  hydrogen  sulphide. 

A  very  convenient  gravimetric  method  for  sulphur 
has  been  recommended  by  Schulte.  It  consists  in  passing 
the  hydrogen  sulphide  into  a  solution  of  cadmium  acetate, 
transforming  the  precipitated  cadmium  sulphide  into  cop- 
per sulphide  by  means  of  copper  sulphate  and  then  ignit- 
ing the  copper  sulphide  to  copper  oxide.  From  the  weight 
of  the  copper  oxide,  the  weight  of  sulphur  may  be  calcu- 
lated. 

It  is  not  permissible  to  pass  the  gas  into  a  solution  of 
copper  sulphate  directly,  as  during  solution,  phosphine  is 
evolved  and  the  latter  precipitates  a  compound  of  copper. 

The  details  of  the  method  are  as  follow^s  :  Transfer 
about  10  grams  of  the  iron  to  the  flask  a.  Fig.  44,  by 
means  of  a  wide  funnel,  and  stopper  with  the  condenser. 
The  wash-bottles,  b  and  d,  contain  a  solution  of  cadmium 
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acetate  containing  25  grams  ot  the  sah  in  200  cc.  of  co 
centrated  acetic  acid. 


The  tube  c,  of  liard  glass,  should  have  a  diameter  of 
about  1  cm.  and  a  length  of  about- 35-40  cm.    While  fill- 


Fig,  u. 

ing  the  apparatus  with  carbon  dioxide,  heat  the  tube  to  a 
dull  red.  After  all  the  air  has  been  replaced  by  carbon  di- 
oxide, stop  the  current  of  the  latter,  and  add  a  mixture  of 
100  parts  hydrochloric  acid,  Sp.  Gr.  1.24,  and  100  parts  of 
water,  through  a  side  tube,  being  careful  to  admit  no  air. 
Allow  a  small  amount  of  acid  to  remain  above  the  stopper 
for  a  seal. 

When  the  evolution  of  hydrogen  noticeably  slackens, 
light  the  flame  under  a.  Gradually  heat  the  contents  of 
the  flask  to  boiling,  at  the  same  time  passing  a  current  of 
cold  water  through  the  condenser.  When  no  bubbles  pass 
through  the  absorption  bottles,  pass  a  slow  current  of  car- 
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how  dioxide  througli  the  apparatus,  while  tlie  solution 
boils. 

From  time  to  time,  test  the  gas  through  the  3-way 
stop-cock  of  the  wash-bottle  b,  to  see  if  it  still  contains  h}'- 
drogen  sulphide.  When  the  latter  is  all  driven  over  into 
the  absorption  flasks,  extinguish  the  flame,  rinse  the  con- 
tents of  the  absorption  flasks  into  a  beaker,  and  at  once 
add  5-7  cc.  of  a  copper  solution  containing  120  grams  of 
copper  sulphate  in  800  cc.  of  water  and  120  cc.  of  concen- 
trated sulphuric  acid.  Shake  the  solution  and  then  filter 
the  copper  sulphide  on  a  small  filter  and  wash  w^ith  warm 
water  until  the  filtrate  is  not  precipitated  by  hydrogen 
sulphide.  Press  the  filter  paper  together,  place  it  in  a 
weighed  platinum  crucible,  incline  on  the  triangle  and 
heat  gently  until  the  paper  is  carbonized.  Burn  off  the 
carbon,  and  then  heat  at  the  full  heat  of  the  burner  for 
about  a  minute,  to  decompose  any  copper  sulphate  that 
might  be  formed.  The  weiglit  of  copper  oxide  multiplied 
by  0.4041  gives  the  equivalent  amount  of  sulphur. 

Gintl  recommends  the  following  methods  for  the  de- 
termination of  sulphur  in  pig-iron  :  Digest  the  finely  di- 
vided iron  w^ith  20  times  the  quantity  of  a  tolerably  con- 
centrated, neuti'al  solution  of  ferric  chloride,  for  8-10 
hours  at  a  temperature  of  25-30°  C.  Almost  all  the  i]"on 
passes  into  solution  in  the  form  of  ferrous  chloride,  and 
the  residue  contains  the  gi*aphite,  phosphide  of  iron  and  a 
little  undecomposed  iron,  together  with  all  the  sulphur. 
Filter,  wash,  and  fuse  the  residue  in  a  silver  crucible  with 
a  mixture  of  3  parts  potassium  nitrate  and  1  part  potas- 
sium hydroxide.  Digest  the  fused  mass  in  water,  filter, 
and  precipitate  the  sulphuric  acid  in  the  filtrate,  after 
acidifying  with  hydrochloric  acid. 
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According  to  v.  Reis,  the  method  originally  devised 
by  Esclika  for  the  determination  of  sulphur  in  coke,  is 
also  suitable.  Mix  about  5  grams  of  iron  with  about  an 
equal  amount  of  a  mixture  of  2  parts  magnesia  and  1  part 
sodium  carbonate  ;  transfer  to  a  platinum  crucible  and  ig- 
nite for  10  minutes  in  a  muffle.  Cool  the  contents  of  the 
dish  and  crush  the  mass  with  an  agate  pestle,  re-ignite  for 
20  minutes,  while  stirring  with  a  platinum  spatula.  Cool 
the  mass  and  boil  for  about  15  minutes  with  100  cc.  of  wa- 
ter, filter  out  the  insoluble  matter  and  wash  it.  Oxidize 
the  filtrate  with  about  5  cc.  of  hydrogen  peroxide,  heat, 
acidify  with  hydrochloric  acid  and  precipitate  with  barium 
chloride. 

The  colorimetric  method  of  Wiborgh  is  sometimes  used. 
The  principle  of  the  method  consists  in  passing  the  gases 
evolved  during  solution,  through  a  cotton  cloth  saturated 
with  cadmium  acetate,  and  then  comparing  the  color  with 
that  of  a  similar  piece  of  cloth  whose  color  corresponds  to 
a  known  content  of  sulphur. 

Fill  the  flask.  Fig.  45,  1/3  full  with  water. 
Boil,  to  expel  the  air  and  then  add  the  sample  of 
iron.  Place  on  the  flask  the  cylinder-formed 
apparatus  having  a  disk  of  cotton  cloth  clamped 
on  the  top,  and  boil  to  expel  the  air  from  the  ap- 
paratus. Now  gradually  add  dilute  sulphuric 
or  hydrochloric  acid  through  the  funnel-tube, 
while  the  contents  are  boiling.  When  the 
evolution  of  hydrogen  has  ceased,  boil  a  few 
to  drive  all  the  hydrogen  sulphide  through 
the  cloth.  Remove  the  cloth  and  compare  the  color  with 
that  of  similar  discs  that  have  been  prepared  in  the  same 
manner  with  irons  of  known  content  of  sulphur. 
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Determination  of  Phosphorus  : — Dissolve  from  1-5 
grams  of  iron,  according  to  the  amount  of  phosphorus,  in 
nitric  acid,  Sp.  Gr.  1.20,  in  a  porcelain  dish,  and  evapo- 
rate to  dryness  on  the  water-bath.  Heat  the  dry  salts  on 
the  sand-bath  until  no  more  oxides  of  nitrogen  are 
evolved,  and  then  heat  for  an  hour  on  the  hot-plate  to  de- 
stroy all  carbon  compounds,  which  would'  hinder  the  pre- 
cipitation of  the  phospho-molybdate.  After  cooling,  add 
concentrated  hydrochloric  acid,  digest  until  all  the  iron 
salts  are  in  solution  and  evaporate  again  to  dryness.  Dis- 
solve in  dilute  hydrochloric  acid,  filter  out  the  silica  and 
remove  the  greater  part  of  the  hydrochloric  acid  by  evapo- 
ration. Dilute  the  filtrate  with  water,  neutralize  with  am- 
monium hydroxide,  dissolve  the  precipitate  in  nitric  acid, 
warm,  and  precipitate  with  ammonium  molybdate.  See 
page  41. 

The  objectionable  heating  of  the  residue  on  the  sand- 
bath  to  destroy  the  carbonaceous  matter  may  be  avoided 
by  oxidizing  the  nitric  acid  solution  with  chromic  acid  or 
potassium  permanganate.  In  the  former  case,  add  an 
equal  amount  of  dilute  sulphuric  acid  to  the  solution,  then 
add  chromic  acid  and  boil  for  about  10  minutes.  If  potas- 
sium permanganate  is  used,  add  the  salt  gradually  to  the 
warm  solution  and  then  dissolve  the  resulting  manganese 
dioxide  with  the  least  amount  of  hydrochloric  acid  neces- 
sary. If  chromic  acid  was  used,  the  precipitate  of  am- 
monium-magnesium phosphate  may  contain  chromic  ox- 
ide. To  avoid  this,  add  a  few  cc.  of  hydrogen  peroxide  to 
the  ammoniacal  solution,  before  precipitating  with  mag- 
nesia mixture. 

V.  Reis  found  that  in  the  determination  of  phosphorus 
in  pig-iron,  the  magnesium  pyrophosphate  always  con- 
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tained  iron.  To  avoid  this,  after  washing  the  ammonium 
phospho-molybdate  with  dilute  nitric  acid,  drop  on  the  fil- 
ter from  a  pipette,  15  cc.  of  a  solution  consisting  of  10 
grams  of  citric  acid  dissolved  in  100  cc.  of  ammonium  hy- 
droxide, and  then  wash  the  precipitate  with  2  1/2  per 
cent,  ammonium  hydroxide.  Dissolve  the  precipitate  in 
ammonium  hydroxide  and  precipitate  with  magnesia  mix- 
ture, as  usual. 

In  phosphorus  determinations,  many  of  the  operations 
may  be  shortened  and  simplified,  according  to  the  degree 
of  accuracy  desired.  Thus,  instead  of  filtering  out  the  sil- 
ica, the  solution  may  be  diluted  to  110  cc,  100  cc.  then 
filtered  through  a  dry  filter,  and  the  final  result  multiplied 
by  1.1. 

The  phospho-molybdate  precipitate  may  also  be  fil- 
tered on  a  dried  and  weighed  filter,  washed  with  1  per 
cent,  nitric  acid,  dried  for  an  hour  in  the  air-bath  at  120°- 
to  130°  C,  and  the  phosphorus  calculated,  on  the  assump- 
tion that  the  precipitate  contains  1.64  per  cent,  of  phos- 
phorus.* 

In  the  case  of  irons  low  in  silicon,  the  separation  of 
the  silica  may  be  omitted  ;  as  the  precipitate  contains  but 
a  relatively  small  amount  of  phosphorus,  a  small  amount 
of  contamination  causes  no  serious  error.  This  is  especi- 
ally the  case  if  the  iron  is  high  in  phosphorus. 

[Rapid  Volumetric  Method  for  Phosphorus.  Titra- 
tion of  the  phospho-molybdate  precipitate  (J.  0.  Handy)  : 
— Ammonium  phospho-molybdate  reacts  withalkali,  ac- 
cording to  the  following  equation  : 

2[(NH4j3,12Mo03,P04]  +46NaOH  +  H20  =  2  [(NH4)2HP04] 
+  (NH4>2Mo04  +  23Na2Mo04  +  23H20. 
*  [In  the  United  States,  the  factor  1.63  is  generally  used.] 
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1  cc.  of  normal  alkali=. 001348  gram  of  pliospliorus. 
Make  acid  and  alkali  solutions  .1484  normal.  Then,  1 
cc.  =  .01  per  cent.  P.,  when  2  grams  are  used  for  analysis. 
Pemberton,  Thilo,  Hundeshagen,  Manby  and  Handy 
worked  successfully  on  the  principles  upon  which  the 
following  process  is  based  : 

THE  METHOD. 

The  ammonium  phospho-molybdate  obtained  by  any 
standard  method,  is  washed,  first  with  11/2  per  cent, 
nitric  acid  and  then  with  very  dilute  potassium  nitrate  so- 
lution until  free  from  adherent  acid.  Filter  and  precipi- 
tate are  then  put  in  a  clean  vessel  and  standard  sodium 
hydroxide  is  then  added,  until,  on  stirring,  the  yellow 
precipitate  is  dissolved.  Add  1  cc.  of  phenolphthalein  so- 
lution, and  about  50  cc.  of  distilled  water  free  from  carbon 
dioxide.  Titrate  with  standard  nitric  acid  to  the  disap- 
pearance of  the  pink  color.  The  dilution  should  be  roughly 
proportioned  to  the  amount  of  phosphorus  apparently 
present;  otherwise,  with  high  phosphorus,  the  end  reac- 
tion will  not  be  sharp  enough. 

SOLUTIONS. 

Standard  Sodium  Hydroxide.  Make  a  saturated  so- 
lution of  sodium  hydroxide  by  agitating  a  weighed 
amount  with  less  than  an  equal  weight  of  water.  Al- 
low to  cool  and  clarify  in  a  covered  vessel.  The  clear  li- 
quid is  free  from  carbonate  (Garrigues'  Method).  Dilute 
25  cc.  of  this  solution  to  1  liter  with  distilled  water  free 
from  carbon  dioxide.  Titrate  against  standard  sulphuric 
acid.    Dilute  to  .1484  N.  strength. 

Standard  Nitric  Acid.  Dilute  15  cc.  of  1.42  nitric  acid 
to  1  liter.  Titrate,  and  dilute  as  is  necessary  to  make 
equal  to  the  standard  sodium  hydroxide. 
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Pheiiolphtlialein  Solution.  1  Gram  in  1  liter  of  neu- 
tral 95  per  cent,  alcohol. 

Nitric  Acid  Wash.  Dilute  40  cc.  of  1.42  nitric  acid 
with  distilled  water,  to  4  liters. 

Potassium  Nitrate  Wasli.  Dissolve  4  grams  of  potas- 
sium nitrate  in  4  liters  of  water. 

Molybdate  Solution.  To  1200  cc.  of  water  add  700 
cc.  of  ammonium  hydroxide  (Sp.  Gr.  0.88)  and  1  lb.  of 
molybdic  acid  ;  when  the  molybdic  acid  is  dissolved,  add 
300  cc.  of  nitric  acid  (Sp.  Gr.  1.42),  and  cool.  Pour  tins 
solution  into  a  mixture  of  4800  cc.  of  water  and  2000  cc. 
of  cone,  nitric  acid.  Filter  for  use  after  standing  24 
hours. 

Permanganate  solution.  10  grams  of  KMn04  in  2  li- 
ters of  water. 

This  method  is  extensively  used,  and  is  both  rapid 
and  accurate.] 

Determination  of  Carbon. 

Total  Carbon  and  Graphitic  Carbon  are  the  forms  most 
commonly  determined.  The  carbon  contained  in  iron, 
other  than  that  in  the  graphitic  form,  was  formerly  called 
Combined  Carbon,  and  in  most  cases  was  estimated  by  dif- 
ference, the  total  carbon  and  graphitic  carbon  being  deter- 
mined directly,  and  the  graphitic  carbon  being  left  insoluble 
when  the  iron  was  treated  with  hot  acid. 

If,  however,  the  iron  is  treated  with  cold,  very  dilute 
acid,  a  portion  of  the  chemically  combined  carbon  remains 
insoluble  with  the  graphitic  carbon.  Tliis  is  the  carbon 
which  is  combined  with  the  iron  in  the  foi'm  of  carbide. 
This  portion  of  the  carbon,  called  Carbide  Carbon,  on 
treating  the  iron  with  hot,  strong  acid,  is  partly  evolved 
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as  hydrocarbons,  and  partly  dissolved,  coloring  the  solu- 
tion. The  carbide  carbon  may  therefore  be  determined  by 
difference,  from  the  carbon  obtained  by  solution  in  cold, 
very  dilute  acid,  and  that  obtained  when  the  iron  is  dis- 
solved in  hot,  strong  acid. 

If  the  sum  of  the  graphitic  carbon  and  carbide  carbon 
is  subtracted  from  the  total  carbon,  the  difference  repre- 
sents the  so-called  Temper  Carbon,  which  corresponds  to 
the  portion  that  is  evolved  as  hydrocarbons,  when  the  iron 
is  dissolved  in  cold  acid. 

A.    Determination  of  Total  Carbon.* 

1.  Direct  Combustion  of  the  Iron  in  Oxygen  : — If  the 
iron  is  finely  pulverized,  the  carbon  can  be  oxidized  to 
carbon  dioxide  by  direct  combustion  in  a  current  of  oxy- 
gen. Mix  4-5  grams,  or  more,  of  iron  with  coarsely  gran- 
ular copper  oxide  in  a  large  porcelain  or  platinum  boat 
and  place  in  a  porcelain  combustion  tube.  The  tube 
should  be  sufticiently  long  to  prevent  scorching  the  stop- 
pers. Heat  the  tube  in  a  combustion  furnace  such  as  is 
used  in  organic  analysis.  To  decompose  the  small  amount 
of  sulphur  dioxide  formed  from  the  sulphur  of  the  iron  dur- 
ing the  combustion,  pass  the  gases  through  a  small  U-tube 
containing  a  saturated  solution  of  chromic  acid,  and  then 
through  an  apparatus  to  dry  and  absorb  the  carbon  dioxide. 
Use  a  U-tube  filled  with  calcium  chloridef  and  two  U-tubes, 


*  It,  should  not  be  forgotten  that  the  filings  or  turning-  may  have  oil 
adhering-  to  them.  The  g-reater  part  of  the  oil  may  be  removed  by  di- 
gestion with  ether  or  benzine,  and  then  washing  with  alcohol.  Filings 
or  turning  thus  purified  must  be  heated  for  some  time  at  110°-12U°  C. 
Iron  perfectly  free  from  oil  or  other  adhering  substances  containing 
carbon,  can  be  obtained  only  by  ignition  in  a  current  of  pure  nitrogen. 

t  The  calcium  chloride  must  be  tested.    See  page  57. 
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filled  five-sixths  witli  soda  lime  and  one-sixtli  witli  calcium - 
chloride,  to  absorb  the  carbon  dioxide.* 

When  the  individual  parts  of  the  apparatus  are  con- 
nected, gently  heat  the  porcelain  tube  while  passing  a  slow 
current  of  oxygen.  When  the  tube  is  once  warmed,  the 
temperature  can  be  rapidly  increased  to  a  red  heat.  As 
soon  as  the  iron  is  at  a  red  heat,  the  most  of  the  oxygen  is 
consumed  in  oxidizing  the  iron;  during  this  time,  scarcely 
any  bubbles  of  gas  pass  through  the  chromic  acid  U-tube. 
When  this  oxidation  is  complete,  the  carbon  begins  to  oxi- 
dize to  carbon  dioxide,  and  a  regular  current  of  gas  passes 
through  the  chromic  acid  U-tube.  The  combustion  should 
be  maintained  for  30-45  minutes. 

The  gain  in  weight  of  the  soda-lime  tube  gives  the 
weight  of  the  carbon  dioxide,  from  which  the  carbon  may 
easily  be  calculated. 

As  mentioned  above,  if  this  method  is  used,  the  iron 
must  be  finely  pulverized.  Some  varieties  of  iron  are  diffi- 
cult to  pulverize;  in  such  cases,  use  one  of  the  following 
methods. 

2.  Direct  Oxidation  of  the  Iron  with  Chromic  Acid: — 
The  apparatus  used  in  this  determination,  consists  of  a  de- 
composing flask  b.  Fig.  46,  in  which  the  iron  is  dissolved  in 
a  mixture  of  sulphuric  and  chromic  acids,  and  the  carbon  is 
oxidized  to  carbon  dioxide.  The  combustion  tube  c.  of  diffi- 
cultly fusible  glass,  is  filled  with  copper  oxide,  and  is  used 
to  oxidize  the  hydrocarbons  to  carbon  dioxide  and  water,  f 

*  When  carbon  dioxide  which  is  largely  diluted  with  air  or  oxygen, 
is  to  be  absorbed,  soda-lime  is  much  preferable  to  potassium  hydroxide, 
as  the  latter  may  fail  to  absorb  all  the  carbon  dioxide,  if  a  large  excess 
of  oxygen  is  present. 

t  Instead  of  using  a  glass  tube  filled  with  copper  oxide,  a  looped 
platinum  capillary  tube  may  be  used.  On  passing  the  gas  mixed  with 
air  through  the  heated  loop,  the  hydrocarbons  are  oxidized  to  carbon 
dioxide. 
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The  drying  apparatus  d  and  e,  are  filled  with  concentrated 
sulphuric  acid  and  phosphorus  pentoxide,  respectively.  The 
U-tubes,  f  and  g,  used  to  absorb  the  carbon  dioxide,  are 
filled  with  soda-lime. 

The  wash-bottle  h,  filled  with  concentrated  sulphuric 
acid,  is  interposed  between  the  aspirator  i  and  the  train ,  to 
prevent  water  vapor  diffusing  backward  into  the  weighed 
U-tubes  f  and  g.  The  air  is  freed  from  carbon  dioxide  be- 
fore entering  the  train  by  being  passed  through  the  drying - 
tower  a,  containing  potassium  hydroxide  and  soda-lime. 

Disconnect  the  decomposing  flask  from  the  combustion 
tube,  add  about  25  cc.  of  chromic  acid  solution  (180  grams 
of  chromic  acid  in  100  cc.  of  water),  150  cc.  of  copper  sul- 
phate solution  (200  grams  to  a  liter),  and  200  cc.  of  pure, 
concentrated  sulphuric  acid. 

The  copper  sulphate  is  for  the  purpose  of  preventing, 
as  much  as  possible,  the  evolution  of  hydrocarbons  and  hy- 
drogen. 

In  rapid  determinations  in  works,  igniting  the  gases  may 
be  omitted,  and  the  results  obtained,  increased  2  per  cent, 
in  the  case  of  malleable  iron,  and  3  1/3  percent,  in  the 
case  of  pig-iron,  as  it  has  been  found  by  experiment 
that  these  amounts  represent  quite  accurately  the  amount 
of  carbon  in  organic  combination. 

Heat  the  above  mixture  to  boiling,  and  boil  for  about  10 
minutes  to  destroy  organic  matter,  placing  the  condenser 
in  the  neck  of  the  flask  to  prevent  evaporation.  Remove 
the  burner,  again  connect  the  flask  with  the  combustion 
tube,  disconnect  the  weighed  U-tubes  from  the  train,  and 
then  aspirate  air  freed  from  carbon  dioxide  through  the 
train,  at  the  same  time  heating  the  copper  oxide.  After 
the  aspirator  has  been  removed,   connect  the  soda-lime- 
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tubes  and  add  the  weighed  sample  of  iron  (1  gram  of  pig- 
iron,  3  grams  of  malleable  iron)  in  a  small  glass  vessel  by 
means  of  a  platinum  wire.  Aspirate  a  moderately  rapid 
current  of  air  through  the  apparatus,  and  gradually  heat 
the  contents  of  the  flask  to  boiling.  Boil  for  2  hours,  at 
the  same  time  passing  cold  water  through  the  condenser. 
Extinguish  the  burners  of  the  combustion  furnace,  aspirate 
air  through  the  apparatus  for  about  2  hours,  and  reweigh 
the  2  soda-lime  U-tubes.  The  gain  in  weight  is  carbon 
dioxide. 

3.  Oxidation  of  the  Carbon  previously  separated  by 
Copper  Chloride: — If  coarsely  pulverized  iron  is  digested 
at  the  ordinary  temperature  with  a  solution  of  perfectly  neu- 
tral ammonium-copper  chloride,  all  the  iron  will  be  dissolved 
as  ferrous  chloride,  and  the  carbon  will  remain  insoluble: 
CuCl2+Fe==Cu+FeCl2. 

50  cc,  of  a  solution  of  300  grams  of  ammonium-cop- 
per chloride*  in  1  liter  of  water  will  be  sufficient.    To  dis- 
solve the  precipitated  copper,  add  15-30  cc.  of  ferric  chlo- 
ride solution  (800  grams  Fe2Cl6  in  a  liter  of  water)  : 
2Cu  +  Fe2Cl6=2FeCl2-fCu2Cl2. 

Acidify  with  hydrochloric  acid,  to  dissolve  the  cuprous 
chloride  formed.  Complete  solution  of  the  iron  may,  in 
some  cases,  require  several  hours.  Mechanical  stirrers 
greatly  hasten  the  solution.  Filter  the  separated  carbon 
on  asbestos  or  glass  wool  in  a  Gooch  crucible  or  car- 
bon tube.  The  carbon  may  be  oxidized  either  by  heat- 
ing in  a  porcelain  or  platinum  boat  in  a  current  of  oxygen, 

*  [Potassium-copper  chloride  is  preferable,  as  experiments  by 
American  members  of  the  International  Steel  Standards  Committee 
have  shown  that  ammonium-copper  chloride  is  nearly  always  impure 
from  the  presence  of  hydrocarbons  in  the  ammonium  chloride,  derived 
probably  from  the  gas  liquor  from  which  ammonium  salts  are  obtained.] 
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or  by  chromic  acid  as  given  on  page  303.  In  the  latter 
case,  however,  a  simple  apparatus,  Fig.  47,  devised  by 
the  author  for  the  determination  of  carbon  dioxide,  may 
be  used.    Fill  the  drying  tube  between  the  flask  and  the 


Fig.  47. 

absorption  tubes,  preferably  with  phosphorus  pentoxide, 
as  sulphuric  acid  always  absorbs  a  small  quantity  of  the 
carbon  dioxide.    Place  the  carbon,  together  with  the  as- 
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bestos  on  which  it  was  filtered,  in  the  flask,  add  crystal- 
lized chromic  acid,  (3  grams  for  each  gram  of  iron)  and 
then  add  sulphuric  acid  (2  vols,  concentrated  acid  :  1  vol. 
water).  Connect  the  flask  at  once  with  the  rest  of  the 
train,  and  then  gently  warm  the  acid. 

At  the  beginning  of  the  experiment,  a  slow,  regular 
current  of  air  must  be  aspirated  through  the  apparatus. 
Gradually  increase  the  temperature  of  the  flask  until  the 
contents  boil.  Continue  the  boiling  for  about  15  minutes 
to  expel  the  carbon  dioxide  absorbed  in  the  liquid.  When 
the  soda-lime  tubes  are  completely  cold,  determine  their 
weight.  The  increase  in  weight  is  due  to  carbon  dioxide, 
from  which  the  carbon  may  be  calculated. 

4.  Oxidation  of  the  Carbon  previously  separated  by 
Chlorine  : — The  chromic  acid  method  is,  of  course,  appli- 
cable only  to  those  kinds  of  iron  which  are  decomposable 
by  the  acid  mixture  ;  among  these  are  all  kinds  of  mallea- 
ble iron,  ordinary  gray  and  white  pig-iron  and  ferro-man- 
ganese.  Ferro-silicon,  w^hich  is  rich  in  silicon,  and  ferro- 
chrome,  however,  are  not  decomposable  by  this  method. 
These  irons  may  be  decomposed  by  heating  in  a  current  of 
dry  chlorine,  by  which  the  chlorides  of  iron,  silicon,  phos- 
phorus, sulphur,  etc.  J  are  volatilized,  while  carbon,  which 
does  not  combine  with  chlorine  directly,  remains  behind. 

Place  the  sample  in  a  porcelain  boat,  shove  the  boat 
into  a  tube  of  difficultly-fusible  glass,  and  heat  in  a  com- 
bustion furnace.  The  exit  end  of  the  tube  should  be 
drawn  out  smaller  and  be  bent  down  at  a  right  angle  ; 
immerse  the  tip  in  concentrated  sulphuric  acid  to  prevent 
the  entrance  of  air.  A  sample  may  be  divided  between 
several  boats,  or  several  samples  may  be  worked  parallel. 
The  air  in  the  apparatus  must  be  replaced  by  chlorine  be- 
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fore  heating  the  tube.  First  light  the  burner  nearest  the 
exit  of  the  tube,  and  gradually  light  the  burners  one  by 
one,  and  increase  the  temperature  up  to  incipient  redness, 

After  all  the  volatile  matter  has  been  expelled,  allow 
the  apparatus  to  cool  while  passing  a  current  of  chlorine. 
Wash  the  residual  carbon  with  cold  water  to  remove 
chlorine  and  chlorides. 

Irons  containing  chromium,  leave  a  residue  of  insolu- 
ble chromic  chloride.  This  must  be  reduced  to  soluble 
chromous  chloride  by  reduction  in  a  current  of  hydrogen  ; 
a  partial  reduction  suffices,  however,  since  chromic  chlo- 
ride is  soluble  in  chromous  chloride. 

Filter,  and  oxidize  the  carbon  as  given  under  3. 

5.  [Solution  of  the  Drillings  in  Potassium-Copper 
Chloride,  and  Combustion  of  the  Residue : — Take  3 
grams  of  pig-iron  or  cast-iron,  or  5  grams  of  wrought-iron 
or  steel,  and  dissolve  in  a  saturated  solution  of  potassium- 
copper  chloride,  and  hydrochloric  acid,  allowing  100  cc.  of 
the  solution  and  7.5  cc.  of  acid  for  each  gram  of  sample.  Stir 
until  all  the  iron  is  in  solution.  Cover  the  beaker  and  al- 
low to  stand  for  2-3  hours  at  a  temperature  of  60-70°  C. 
Filter  on  asbestos  in  a  platinum  boat,  using  suction,  first 
moistening  the  asbestos  with  hydrochloric  acid.  The  fil- 
trate will  be  nearly  black. 

Test  the  filtrate  for  carbon  by  catching  a  little  in  a 
small  beaker  and  adding  water ;  any  carbon  will  ap- 
pear black  ;  the  solution  should  be  pure  green  on  the  addi- 
tion of  water. 

Wash  the  carbon  4-5  times  with  5  per  cent,  hydro- 
chloric acid,  then  with  warm  water  until  all  the  chlorides 
are  removed.  If  pure  water  is  used  at  first,  cuprous 
chloride  will  be  precipitated.    Dry  the  boat  and  carbon  at 
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110°  C.  and  cool  in  a  dissicator.  Arrange  a  combustion 
train  as  follows,  beginning  at  the  exit  end  of  the  combus- 
tion tube  : 

U-tube  No.  1  contains  5  grams  of  silver  sulphate  dis- 
solved in  10  cc  of  sulphuric  acid.  U-tube  No.  2  contains 
granulated  copper  in  the  first  half,  and  pumice-stone  sat- 
urated with  anhydrous  copper  sulphate,  in  the  second 
half.  Prepare  the  pumice-stone  as  given  on  page  56. 
U-tube  No.  3  contains  granular  calcium  chloride  in  the 
first  half,  and  glass-wool  sprinkled  with  phosphorus  pent- 
oxide,  in  the  second  half.  The  absorption  apparatus, 
containing  1  :1  potassium  hydroxide,  is  next  attached.  If 
the  potassium  hydroxide  is  too  dilute,  the  solution  gives 
off  an  appreciable  amount  of  water  vapor,  owing  to  its 
high  tension.  Attached  to  the  potassium  hydroxide  bulb 
is  a  small  U-tube  filled  with  glass-wool  sprinkled  with  phos- 
phorus pentoxide.  The  last  two  are  the  absorption  appara- 
tus proper,  to  be  weighed  before  and  after  the  experiment. 
The  potash  bulbs  should  be  refilled  after  making  3  ab- 
sorptions. The  phosiDhorus  pentoxide  should  be  replaced 
as  soon  as  it  begins  to  deliquesce.  Beyond  the  absorption 
apparatus,  there  should  be  a  guard  tube  filled  with  soda- 
lime,  to  prevent  water  vapor  diffusing  backward  from  the 
pump. 

To  make  a  combustion,  connect  the  train  with  a  por- 
celain combustion  tube  and  run  a  blank  for  about  3  hours. 
The  absorption  bulb  will  generally  show  a  gain  of  about  1 
milligram  per  hour,  in  spite  of  all  precautions.  Now 
place  the  boat  containing  the  carbon  in  the  combustion  tube, 
attach  the  weighed  absorption  bulbs, and  gradually  heat  to 
a  full  red  heat  while  aspirating  purified  air  through  the 
train  at  the  rate  of  about  a  bubble  per  second.  Maintain 


PIG-IRON,  STEEL,  SPIEGELEISEN,  ETC.  311 

the  temperature  for  about  an  hour,  detach  the  bulbs,  cool 
in  the  balance  case  for  20  minutes  and  weigh.  Allow  the 
tube  to  cool  slow^ly  while  shutting  off  the  burners  one  at  a 
time.  The  increase  in  weight  of  the  bulbs  is  CO2.  Wt. 
CO2  X  .2727  =  Wt.C] 

6.  Colorimetric  Determination  of  Carbon  (Eggertz)  : 
— This  method  depends  upon  the  fact  that  the  solution 
of  a  steel  in  hot  nitric  acid  is  colored  darker  the  more 
combined  (carbide)  carbon  is  present.  For  the  compari- 
son, prepare  a  solution  of  steel  containing  a  known  amount 
of  combined  carbon  and  dissolve  an  equal  amount  of  the 
sample  being  analyzed.  Transfer  the  solutions  to  cali- 
brated tubes  and  dilute  the  darker  solution  with  water  un- 
til the  2  tints  are  alike.  The  content  of  carbon  in  the 
specimens  is  then  directly  proportional  to  the  volumes  of 
the  solutions. 

Dissolve  1  gram  of  the  sieel  of  known  carbon  content, 
which  should  be  approximately  near  to  that  of  the  un- 
know^i  sample,*  and  one  gram  of  the  latter,  in  about  2.5 
cc.  of  nitric  acid,  Sp.  Gr.  1.20.  The  nitric  acid  should 
contain  no  chlorine.  Moderate  the  first  action  of  the  acid 
by  dipping  the  tubes  in  cold  water  ;  finally  warm  to  80° 
C,  if  necessary,  to  effect  solution.  The  amount  of  nitric 
acid  should  be  varied  according  to  the  quantity  of  carbon 
present.  For  less  than  0.3  per  cent.,  the  above  amount  is 
sufficient ;  for  0.3  per  cent,  use  3  cc.  of  acid  ;  for  0.5  per 
cent,  carbon  use  3.5  cc.  acid,  and  for  0.8  per  cent.,  use  4 
cc.  acid  ;  for  samples  higher  in  carbon,  use  5  cc.  of  acid. 
If  the  approximate  amount  of  carbon  is  unknown,  use  2.5 
cc.  at  first,  and  then  add  more,  if  the  dark  color  of  the  so- 


*  [The  two  should  have  approximately  the  same  physical  proper- 
ties; i.  e.  should  have  underg-one  the  same  mechanical  treatment.] 
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lution  or  the  particles  in  suspension  seem  to  show  that  in- 
sufficient acid  has  been  used. 

After  solution  and  cooling,  rinse  the  solutions  into 
calibrated  tubes  for  comparison.  The  tubes  should  be 
provided  with  glass  stoppers  to  allow  thorough  mixing. 

The  colorimetric  method  is  especially  suitable  as  a 
rapid  method  in  works,  and  is  applicable  to  all  kinds  of 
iron  and  steel  that  have  not  been  suddenly  cooled  or  an- 
nealed. On  the  other  hand  it  is  not  suitable  for  pig-iron 
containing  graphite. 

Determination  of  Graphitic  Carbon* 

Dissolve  1-3  grams  according  to  the  content  in  graphite  t 
in  nitric  acid,  Sp.  Gr.  1.18,  and  heat  for  about  2  hours  on 
the  water-bath.  Filter  out  the  graphite,  silica,  etc.,  on 
an  asbestos  filter,  wash  with  hot  water  and  then  with  di- 
lute potassium  hydroxide,  alcohol  and  ether  in  succes- 
sion. Oxidize  the  graphite  in  a  current  of  oxygen  or  with 
chromic  acid,  as  given  above. 

Determination  of  Carbide  Carbon. 

From  w]iat  has  been  said  on  page  301,  concerning 
this  form  of  carbon,  it  is  obtained  with  the  graphite,  when 
the  iron  is  dissolved  in  cold,  dilute  acid.  Digest  1-3  grams 
of  the  sample  for  2-3  days  at  the  ordinary  temperature, 
with  10  times  the  quantity  of  dilute  sulphuric  acid  (1  :10), 
while  passing  a  slow  current  of  illuminating  gas  through 
the  flask  to  displace  the  air.  Filter,  wash,  and  oxidize  as 
given  under  B. 

The  difference  between  the  quantity  found,  and  the 
quantity  of  graphite,  is  the  carbide  carbon. 

*  Dark-gray  pig-iron  contains  more  graphite  than  that  of  a  light 
gray  color. 
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Temper  Carbon. 

This  form  of  carbon  is  best  calculated  by  difference 
between  the  total  carbon  and  the  sum  of  the  graphitic  and 
carbide  carbon. 

Determination  of  Nitrogen. 

1.  Determination  of  the  Nitrogen  which  is  trans- 
formed into  Ammonia  on  solution  of  the  sample  in  Hydro- 
chloric Acid  : — Dissolve  the  sample  in  hydrochloric  acid 
in  a  tubulated  retort,  and  pass  the  evolved  gas  through  a 
U-tube  partly  filled  with  dilute  hydrochloric  acid.  The 
latter  is  for  the  purpose  of  retaining  any  ammonia  that 
might  be  carried  over  mechanically  with  the  hydrogen 
and  hydrocarbons.    After   complete    solution,  pour  the 


M 


Fig.  48. 


contents  of  the  U-tube  back  into  the  retort,  add  an  excess 
of  sodium  or  calcium  hydroxide,  and  distil  as  given  on 
page  109. 

Alternative  Method  (Ullgren)  : — Decompose  2  grams 
of  iron  with  a  solution  of  10  grams  of  copper  sulphate  and 
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6  grams  of  sodium  chloride  ;  add  sodium  hydroxide  and 
distil. 

2.  Determination  of  the  Nitrogen  which  remains 
in  the  insoluble  residue  after  dissolving  the  Iron  (Ull- 
gren)  : — Fill  a  combustion  tube  v,  Fig  48,  of  30  cm. 
length,  up  to  a,  with  about  12  grams  of  magnesite  or  so- 
dium bicarbonate,  insert  a  wad  of  asbestos  and  then  intro- 
duce, from  a  to  b,  the  residue  from  the  iron  which  is  inso- 
luble in  hydrochloric  acid.  The  residue  should  be  dried 
at  130°  C.  and  mixed  with  about  4  grams  of  mercuric  sul- 
phate. Insert  another  wad  of  asbestos  at  b,  and  then  fill 
the  tube  from  b  to  c,  with  coarse  pumice  powder  which 
has  previously  been  mixed  with  mercuric  sulphate  and 
water  and  then  dried.  Insert  an  asbestos  plug  at  c  and 
fill  the  rest  of  the  tube  with  pieces  of  pumice  stone  which 
have  been  saturated  with  a  concentrated  solution  of 
chromic  acid  or  potassium  bichromate,  to  decompose  the 
evolved  sulphur  dioxide.  By  means  of  the  tube  d,  con- 
nect the  combustion  tube  with  the  measuring  tube  M, 
which  has  an  enlargement  at  g,  and  is  filled  with  mer- 
cury. M  has  a  total  volume  of  about  90  cm.  The  portion 
i  h,  has  a  capacity  of  about  40  cc.  and  the  lower  portion  e, 
about  30  cc. 

Introduce  into  the  tube  M  with  a  bent  pipette,  about 
35-40  cc.  of  potassium  hydroxide  solution  (1:2)  and  then 
15  cc.  of  concentrated  solution  of  tannic  acid,  so  that  the 
level  of  the  mercury  is  approximately  at  f.  Now  heat  the 
portion  of  the  tube  containing  the  magnesite,  to  expel  the 
air  in  the  apparatus,  allow  the  gas  to  pass  into  M,  warm 
the  portion  a  b,  very  gently  at  first,  and  heat  the  portion  b 
c  to  a  red  heat,  now  quickly  heat  the  portion  a  b  to  a 
red  heat  and  maintain  the  temperature  until  the  level  of 
the  liquid  in  M  sinks  no  further. 
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Finally  drive  the  last  traces  of  the  nitrogen  over  into 
M  by  again  heating  the  magnesite.  Now  remove  the  tube 
d,  and  transfer  M  by  means  of  small  dish  filled  with  mer- 
cury to  a  wide,  deep  cylinder  filled  with  water.  The  mer- 
cury, potassium  hydroxide  solution,  and  tannic  acid  solu- 
tion, are  displaced  by  water  owing  to  the  differences  in 
specific  gravity.  Close  the  tube  with  the  thumb  or  with  a 
rubber  stopper  and  rinse  the  potash  solution  from  the 
tube.  Transfer  the  tube  to  the  jar  filled  with  pure  water, 
and  after  15-20  minutes  note  the  height  of  the  barometer 
and  the  temperature  of  the  water.  Now  clamp  the  tube 
so  that  the  level  within  and  without  the  tube  is  the  same, 
and  read  the  volume  of  the  nitrogen. 

Let  V  represent  the  volume  of  the  nitrogen  found,  V 
the  volume  of  the  same  quantit}^  of  nitrogen  at  0°  C  and 
760  mm.  barometric  pressure,  B  the  height  of  the  barome- 
ter in  millimeters,  t  the  temperature  of  the  water  in  de- 
grees centigrade  and  f  the  tension  of  water  vapor  at  the 
observed  temperature.    Then  : 

V(B— f)  273 
760(273 +t)  • 

WELL,  SPRING,  AND  RIVER  WATER. ^ 

The  constituents  determined  in  an  ordinary  water  an- 
alysis, depend  upon  whether  the  water  is  to  be  used  for 
domestic  or  manufacturing  purposes.  In  the  considera- 
tion of  a  water  to  be  used  for  drinking  purposes,  iron, 
calcium  and  magnesium  oxides,  alkalies,  sulphuric  acid, 

*  [On  the  Bacteriolog-ical  examination  of  water,  see:  Micro-Or- 
ganisms in  water,  Percy  and  G.  E.  Prankland.  Manual  of  Bacterioiog-y, 
Dr.  G  F  Sternberg.  Microscopy  of  Drinkingf  Water,  G.  E.  Whipple, 
N.  Y.,  1899.J 
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hydrochloric  acid,  nitric  acid,  nitrous  acid,  carbonic  acid, 
ammonia,  organic  matter  and  total  solids,  are  generally 
determined  while  for  manufacturing  purposes,  the  only 
constituents  of  interest  are  the  alkaline  earths,  total  and 
permanent  hardness,  ferrous  iron,  sulphuric  acid,  hydro- 
chloric acid  and  total  solids. f 

Determination  of  Total  Solids,  Ferrous  Iron,  Calcium, 
Magnesium,  and  Alkalies  : — Evaporate  500-1000  cc.  of 
the  water  to  dryness  on  a  water-bath  in  a  weighed  plati- 
num dish,  and  heat  the  residue  in  an  air-bath  or  oil-bath 
at  a  temperature  of  120-125°  C,  to  constant  weight. 
Dissolve  the  residue  in  dilute  hydrochloric  acid,  covering 
the  dish  to  avoid  loss  by  effervescence.  Heat  the  solution 
as  long  as  carbon  dioxide  is  evolved,  rinse  off  the  cover 
and  evaporate  again  to  dryness.  Dissolve  the  soluble 
salts  in  dilute  hydrochloric  acid,  filter  out  the  silica,  if 
any  is  present,  and  wash  it  with  hot,  dilute  hydrochloric 
acid. 

Precipitate  the  iron  in  the  filtrate  by  adding  ammo- 
nium hydroxide  to  alkaline  reaction  ;  filter  out  the  ferric 
hydroxide,  dissolve  in  hot,  dilute  hydrochloric  acid  and 
repeat  the  precipitation.  This  double  precipitation  is  al- 
ways necessary,  especially  if  the  water  contains  much  cal- 
cium salts,  as  calcium  carbonate  is  always  precipitated 
with  the  ferric  hydroxide. 

*  A  good  drinking'  water  should  contain  in  100,000  parts: 

a.  Not  more  than  50  parts  solid  residue. 

b.  "      "       "     18-20  parts  CaO -h  Mg-O. 

c.  "       "     8-10  parts  SO3. 

d.  "      "       "     8-5  parts  NaCl  or  2-3  parts  CI. 

e.  "      "       "  0.5-1.5  parts  N2O5 . 

The  amount  of  organic  matter  should  correspond  to  not  more  than 
1  part  KMn04 .  See  below.  Ammonia  and  nitrous  acid  should  not  be 
present  in  more  than  mere  traces. 

t  For  the  determination  of  all  the  constituents  present,  see  analysis 
of  Mineral  Water. 
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The  precipitated  ferric  hydroxide  contains  a  small 
amount  of  silica,  and  all  the  alumina  and  phosphoric  acid. 
The  quantitative  determination  of  the  latter  is  not  neces- 
sary in  the  present  case  ;  however,  the  determination  of 
the  iron  may  be  of  importance,  especially  if  the  water  is  to 
used  for  manufacturing  purposes.  Dissolve  the  precipi- 
tate in  dilute  hydrochloric  or  sulphuric  acid,  reduce  the 
iron  to  the  ferrous  condition  and  titrate  with  permangan- 
ate. 

In  determining  very  small  amounts  of  iron,  it  is  nec- 
essary to  use  a  very  dilute  soludon  of  permanganate  ; 
e.  g.,  a  solution  corresponding  to  0.001  gram  of  iron  per 
cubic  centimeter. 

In  the  case  of  well  water  containing  considerable 
iron,  a  fresh  sample  may  be  drawn  from  the  well,  acidi- 
fied with  sulphuric  acid,  and  titrated  directly  Avitli  per- 
manganate, as  a  check  on  the  determination  of  iron  in  the 
regular  course  of  analysis.  In  this  case,  the  amount  of 
permanganate  necessar}^  to  permanently  redden  an  equal 
volume  of  distilled  water  must  be  determined,  and  sub- 
tracted from  the  amount  required  in  the  above  direct 
titration. 

Add  ammonium  oxalate  in  excess  to  the  filtrate  from 
the  ferric  hydroxide,  filter  out  the  calcium  oxalate  and  de- 
termine it  as  given  on  page  21. 

To  separate  magnesia  from  the  alkalies,  proceed  as 
given  on  page  105. 

Determination  of  Alkalies  : — Add  dilute  sulphuric 
acid  to  the  filtrate  from  the  magnesia  and  evaporate  to 
dryness  on  the  water-bath.  Gently  ignite  the  residue  to 
volatilize  the  sulphuric  acid  and  the  ammonium  salts,  and 
then  add  solid  ammonium  carbonate  and  re-ignite  to  form 
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normal  sulphates.  See  page  106.  Cool  in  the  dessica- 
tor  and  weigh.  It  it  is  desired  to  separate  potassium 
from  sodium,  proceed  as  given  on  page  106. 

In  the  examination  of  a  water  that  is  to  be  used  for 
manufacturing  purposes,  the  determination  of  calcium  and 
magnesium  is  frequently  omitted,  and  the  amount  of 
standard  soap  solution  required  to  produce  a  permanent 
lather  in  a  definite  volume  is  determined.  This  deter- 
mination is  empirical,  and  gives  what  is  called  the  4iard- 
ness'  of  the  water. 

When  a  soap  solution  is  added  to  water  containing 
calcium  and  magnesium  salts  in  solution,  the  calcium  and 
magnesium  are  precipitated  as  the  insoluble  salts  of  the 
fatty  acids  contained  in  the  soap. 

As  soon  as  the  decomposition  is  complete,  a  slight  ex- 
cess of  the  soap  solution  produces  a  permanent  lather,  if 
the  flask  is  agitated.  This  formation  of  a  lather  is  the 
end  reaction. 

The  number  of  parts  of  calcium  oxide  contained  in 
100,000  parts  of  a  water,  is  called  its  'hardness.'*  A  wa- 
ter which  shows  a  degree  of  hardness  of  15,  therefore  con- 
tains 15  parts  of  calcium  oxide  in  the  form  of  sulphate, 
carbonate,  nitrate,  etc.,  in  100,000  parts  of  the  water. f 

As  is  well  known,  the  greater  part  of  the  earth  car- 
bonates is  precipitated  on  boiling  the  water,  owing  to 
the  decomposition  of  the  bicarbonates,  while  the  sulphates 

*  [This  is  the  German  standard.  The  French  standard  is  stated  in 
terms  of  milligrams  of  calcium  carbonate  in  one  hundred  g-rams  of 
water,  or  part  calcium  carbonate  per  100.000  parts  of  water.  The 
English  standard  represents  grains  of  calcium  carbonate  per  gallon  of 
70.000  grains  The  American  standard  represents  grains  of  calcium 
carbonate  per  gallon  of  58,381  grains.] 

t  Magnesiun  oxide  corresponds  to  an  equivalent  quantity'  of  cal- 
cium oxide. 
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and  chlorides  remain  in  solution.  It  is  customary,  there- 
fore, to  speak  of  'total  hardness,'  by  which  is  meant  the 
entire  amount  of  alkaline  earths  present,  and  'permanent 
hardness,'  which  gives  the  amount  of  the  alkaline  earths 
remaining  in  solution  after  boiling  the  water.  The  differ- 
ence between  the  two  is  called  the  'temporary  hardness'  ; 
the  latter  corresponds  approximately  to  the  amount  of  bi- 
carbonate in  solution. 

Determination  of  Total  Hardness.  Clark's  Method  : — 
The  standard  soap  solution  is  made  of  such  a  strength 
that  45  cc.  corresponds  to  12  mg.  of  calcium  oxide  in  100 
cc.  of  water.  The  soap  is  prepared  as  follows  :  Rub  to- 
gether 150  parts  of  lead  plaster  and  40  parts  of  potas- 
sium carbonate.  Extract  the  mass  with  alcohol,  fil- 
ter, evaporate  the  filtrate  on  the  water-bath,  and  redis- 
solve  in  alcohol.  Dissolve  2  parts  of  the  soap  in  100  parts 
of  dilute  alcohol,  (56°  Tr) . 

Standardize  the  soap  solution  against  a  solution  of 
barium  chloride  as  follows  :  Dissolve  0.523  gram  of  dry 
barium  chloride  in  water  and  dilute  to  a  liter.  Place  100 
cc.  of  this  solution  in  a  stoppered  vessel  of  about  200  cc. 
capacity,  and  run  in  the  soap  solution  from  a  burette  un- 
til a  permanent  lather  results  on  shaking  the  mixture. 

Dilute  the  soap  solution  with  sufficient  alcohol  to 
make  45  cc.  correspond  to  100  cc.  of  the  barium  chloride 
solution  ;  then,  45  cc.  of  the  soap  solution  correspond  to  a 
solution  of  12  mg.  of  calcium  oxide  in  100  cc.  of  water. 

To  determine  the  total  hardness  of  a  water,  proceed 
exactly  as  in  standardizing  ;  add  the  soap  solution  drop 
by  drop  from  a  burette  to  100  cc.  of  the  water  in  a  flask, 
until  a  permanent  lather  is  obtained  on  shaking  the  flask. 
If  the  water  shows  a  hardness  of  more  than  12,  the  end 
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reaction  is  uncertain,  and  in  such  a  case,  it  is  better  to  re- 
peat the  titration,  using  a  more  dilute  solution.  Take  10 
cc.  of  the  water,  dilute  to  100  cc.  with  distilled  water  and 
proceed  as  given  above. 

Determination  of  Permanent  Hardness  : — Boil  400- 
500  cc.  of  the  water  for  at  least  30  minutes,  replacing  the 
evaporated  water  with  distilled  water.  After  cooling,  fil- 
ter out  the  precipitated  carbonates,  and  dilute  the  filtrate 
to  exactly  the  same  volume  as  was  taken  for  analysis. 
Take  an  aliquot  part,  e.  g.,  100  cc.  aud  determine  the 
hardness  as  given  above. 

The  table  of  Faisst  and  Knauss  given  in  the  back  of 
the  book,  gives  a  direct  reading  of  the  degree  of  hardness 
from  the  number  of  cubic  centimeters  of  soap  solution 
used,  provided  100  cc.  of  water  w^as  taken  for  analysis. 

If  the  number  obtained  by  titration  is  not  contained 
in  the  table,  note  the  number  in  the  table  that  comes  near- 
est to  the  number  found  and  multiply  the  difference  be- 
tween the  two  numbers  by  the  fraction  of  a  degree  of 
hardness  corresponding  to  1  cc.  of  the  soap  solution.  The 
product  thus  .obtained  is  subtracted  from,  or  added  to,  the 
degree  of  hardness  corresponding  to  the  number  in  the  ta- 
ble, according  to  whether  the  number  of  cubic  centimeters 
of  soap  solution  found  by  titration  is  subtracted  from  the 
number  in  the  table,  or  the  latter  from  the  number  of  cc. 
found  by  experiment. 

If,  for  example,  36  cc.  of  soap  solution  were  used, 
multiply  the  difference  between  36' and  36.7,  0.7,  by  0.294  ; 
the  product  is  0.2.  In  this  case,  then,  0.2  is  to  be  sub- 
tracted from  9.5,  and  a  hardness  of  9.3  is  obtained. 
Again,  if  100  cc.  of  the  water  required  44  cc.  of  the  soap 
solution,  multiply  44-43.4,  0.6,  by  0.31,  and  add  the  pro- 
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duct  to  11.5.  The  water,  then,  has  a  hardness  of  11.5  + 
0.186=11.7  degrees. 

Determination  of  Hydrochloric  Acid: — This  deter- 
mination may  be  made  either  gravimetrically,  weighing 
the  chlorine  as  silver  chloride,  or  voliimetrically ,  with 
standard  silver  nitrate.  The  gravimetric  method  has  been 
given  above.  See  page  26.  For  the  volumetric  method, 
see  :  Volumetric  Analysis.  The  quantity  of  water  that 
should  be  taken  for  the  sample,  depends  upon  the  amount 
of  chlorine  compounds  in  the  water.  If  but  a  trace  is 
present,  a  large  quantity  of  tlie  water  should  be  concen- 
trated by  evaporation ,  especially  if  the  gravimetric  method 
is  used. 

Determination  of  Sulphuric  Acid : — Use  from  500- 
1000  cc.  of  water,  acidify  tlie  water  with  hydrochloric  acid 
and  precipitate  with  barium  chloride.  If  the  qualitative 
test  has  shown  but  a  small  amount  of  sulphuric  acid  in 
the  water,  a  large  sample  should  be  concentrated,  after 
acidifying  with  hydrochloric  acid. 

When  comparing  several  well  waters,  and  extreme  ac- 
curacy is  not  required,  the  sulphuric  acid  may  be  more 
quickly  determined  volumetrically.  Use  a  standard  solu- 
tion of  barium  chloride  containing  12.2  grams  of  dry 
barium  chloride  per  liter.  Make  up  a  solution  of  potas- 
sium chromate  of  equivalent  strength,  by  dissolving  7.365 
grams  of  dry  potassium  bichromate  in  100  cc.  of  water. 

Add  to  this  solution,  sufficient  ammonium  hydroxide 
to  change  the  color  from  red  to  yellow,  forming  ammo- 
nium-potassium chromate.  Dilute  to  1  liter.  1  cc.  of  the 
barium  chloride  solution  corresponds  to  1  cc.  of  the  am- 
monium-potassium chromate  solution. 

Boil  the  water  for  a  long  time,  to  decompose  the  bi- 
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carbonates  of  the  earths  and  precipitate  the  normal  car- 
bonates ;  replace  the  evaporated  water  with  distilled  wa- 
ter. Filter,  boil  the  filtrate  and  precipitate  with  an  ex- 
cess of  the  standard  barium  chloride  solution,  of  which  10 
cc.  generally  suffices.  The  excess  of  barium  may  now  be 
titrated  back  with  ammonium-potassium  chromate  ;  add 
the  latter  from  a  burette  until  the  supernatant  liquid  ap- 
pears of  a  pale  yellow  color.  Tiemann*  recommends  a 
colorimetric  method  for  estimating  this  slight,  necessary 
excess  of  chromate.  Dilute  the  liquid  to  a  definite  vol- 
ume, e.  g.  150  cc.  (Tiemann  makes  the  precipitation  in 
a  graduated  flask),  filter  off  100  cc.  through  a  dry  filterf 


Fig.  4!». 

into  a  cylinder  of  colorless  glass.  Place  100  cc.  of  dis- 
tilled water  in  a  similar  cylinder,  and  add  standard  chro- 
mate solution  drop  by  drop  from  a  burette  until  the  tint 
is  the  same  in  the  two  cylinders.    The  quantity  of  stand- 

*  Ber.  deutsch,  chem.  Gesell,  Vol.  (i,  p.  920. 

t  [The  first  few  drops  must  be  rejected,  owing  to  adsorption  of  the 
salts  by  the  paper.] 
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arc!  chromate  shown  by  the  comparison,  is  to  be  sub- 
tracted from  the  amount  used  in  the  precipitation. 

Determination  of    Nitric  Acid.    Schulze's  Method, 
modified  by  Tiemann    — The  method  depends  upon  the 
decomposition  of  nitrates  by  hydrochloric  acid  and  ferrous 
chloride,  and  measui'ement  of  the  nitric  oxide  formed  : 
6FeCl2  +  6HCl  +  2HN03=3Fe2C]6  +  4H20H-2NO. 

Use  the  apparatus  shown  in  Fig.  49.  K  is  a  flask  of 
about  150  cc.  capacity  which  is  closed  with  a  2-hole  rub- 
ber stopper  ;  througli  one  hole,  the  tube  c.  g.  passes,  and 
tlirough  tlie  other  liole,  the  tube  d.  Both  tubes  are  pro- 
vided with  screw  pine-li-cocks  at  b  and  e,  respective!}'. 

The  bent  end  of  tlie  tul)e  e  li,  should  be  covered  with 
a  piece  of  rubber  to  guard  against  breakage.  Tlie  tube  c 
g  is  drawn  out  to  a  fine  opening,  about  2  cm.  below  the 
coj'k,  and  the  other  tube  bare  projects  below  the  cork.  A 
is  a  glass  dish  containing  10  per  cent,  sodium  hydroxide, 
B  a  measuring  tube  divided  into  tentlis  of  cubic  centime- 
ters and  filled  Avitli  boiled  sodium  hydroxide. 

Concentrate  100-300  cc.  of  the  water  to  about  50  cc. 
in  a  porcelain  dish,  rinse  the  water  and  preci})itated  earth 
carbonates  into  tlie  flask  K,  and  continue  the  concentra- 
tion ;  toward  the  end  of  tlie  operation,  immerse  the  tube 
e  h  in  the  sodium  hydroxide.  When  the  air  is  completely 
expelled  from  the  apparatus,  the  sodium  hydroxide  will 
quickly  suck  back  through  the  tube'  e  li.  The  rubber 
tubing  at  e  should  be  held  between  the  fingers  during  the 
expulsion  of  the  last  traces  of  air,  to  allow  closing  the 
tube  at  the  pi'oper  moment. 

Close  the  screw  pinch-cock  e,  and  continue  the  boiling 
(allowing  the  water  vapor  to  escape  through  the  tube  g  a) 
*  Ber.  deutsch.  chem.  Gesell.  Vol.  (5,  p.  104L 
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until  the  volume  is  reduced  to  about  10  cc.,  then  remove 
the  flame,  close  the  i3inch-cock  b,  and  fill  the  arm  a  b  with 
water,  Care  must  be  taken  that  no  bubbles  of  air  enter 
b.  Now  place  the  graduated  tube  B  over  the  end  of  the 
tube  e  h  so  that  the  latters  enters  B  about  2-3  cm.  When 
a  vacuum  is  produced  in  K  by  the  condensation  of  the  wa- 
ter vapor,  (shown  by  the  collapsing  of  the  tubes  at  e  and 
b),  pour  about  20  cc.  of  a  nearly  saturated  solution  of  fer- 
rous chloride  into  a  small  beaker,  immerse  the  tube  a  b, 
open  the  pinch-cock  b  and  allow  the  liquid  to  flow  into  the 
flask.  Through  the  same  arm,  add  two  small  portions  of 
concentrated  hydrochloric  acid  and  then  close  the  pinch- 
cock.  Gently  warm  the  flask  until  the  pressure  inside 
and  outside  is  the  same,  (shown  by  the  collapsed  tubes) 
open  the  pinch-cock  e,  and  pinch  together  the  rubber 
tubing  with  two  fingers  until  there  is  sufficient  pressure  to 
force  the  nitric  oxide  over  into  B.  When  the  evolution  of 
gas  becomes  weak,  heat  the  solution,  gently  at  first,  and 
then  more  strongly,  until  the  level  in  B  does  not  change. 
Finally,  nothing  but  hydrochloric  acid  gas  passes  over, 
and  produces  a  slight  noise  by  its  absorption  in  the  so- 
dium hydroxide.  Remove  the  tube  e  h,  transfer  the  tube 
B  to  a  cylinder  of  water,  and  proceed  as  given  on  page 
315. 

Multiply  the  number  of  cubic  centimeters  of  nitric 
oxide  found  by  the  formula  on  page  315,  by  2.413,  which 
gives  the  equivralent  amount  of  N2G5. 

This  method  is  applicable  even  if  the  water  contains 
large  amounts  of  dissolved  matter.  Care  must  only  be 
taken  that  the  quantity  of  water  used  for  analysis  contains 
at  least  3  mg.  of  N2O5,  otherwise  a  larger  amount  of  water 
must  be  concentrated  by  evaporation. 


WELL,  SPRING  AND  RIVER  WATER 


325 


Determination  of  Nitrous  Acid.  Trommsdorff's 
Method  : — If  potassium  iodide,  starch  solution,  and  dilute 
sulphuric  acid  are  added  to  the  solution  of  a  nitrate,  the 
blue  color  of  iodide  of  starch  is  produced*  which  is  more 
or  less  intense  according  to  the  amount  of  nitrous  acid 
present.  The  amount  of  nitrous  acid  present,  may  be  de- 
termined colorimetrically  by  treating  a  similar  quantity  of 
distilled  water,  under  the  same  conditions,  with  a  meas- 
ured amount  of  a  solution  of  potassium  nitrite. 

As  the  potassium  iodide-starch  solution  soon  becomes 
unfit  for  use,  a  zinc  iodide-starch  solution  is  used  instead. 
The  latter  should  be  placed  in  tightly  stoppered  bottles, 
and  if  kept  in  the  dark  may  be  used  for  a  long  time. 

Besides  the  zinc  iodide-starch  solution,  a  solution  of 
potassium  nitrite  of  known  strength  is  required. 

Preparation  of  the  Starch  Solution  :  Disintegrate  5 
grams  of  starch  in  a  little  water,  add  to  a  boiling  solution 
of  20  grams  of  zinc  chloride  in  100  cc.  of  water,  cover  the 
dish  and  boil  until  the  starch  is  completely  dissolved  ;  add 
2  grams  of  dry  zinc  iodide,  dilute  to  a  liter  and  filter. 
Before  using  the  solution,  it  must  be  tested  by  diluting 
with  water  and  adding  dilute  sulphuric  acid,  to  see  if  it  is 
colored  blue. 

Preparation  of  the  Potassium  Nitrite  Solution  : — Pre- 
cipitate a  concentrated  solution  of  potassium  nitrite  with 
silver  nitrate  ;  filter  off  the  silver  nitrite,  wash  with  cold 
water,  dissolve  in  the  least  amount  of  boiling  water  neces- 
sary and  purify b}^  crystallization.  Dry  the  crystals  between 
filter  paper, weigh  out  0.406  gram,  dissolve  in  hot  water,  add 
potassium  or  sodium  chloride  as  long  as  precipitation  en- 


*  N2O3  -I-  2HI  =  H2O  -I-  2NO  -1-  I2 . 
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sues,  and  dilute  to  1  liter  without  filtering  out  the  silver 
chloride.  When  tlie  precipitate  has  settled,  pipette  out 
100  cc.  of  the  clear  solution  and  dilute  to  1  liter.  1  cc.  of 
this  solution  contains  0.01  mg.  of  nitrous  acid. 

To  determine  the  content  of  nitraus  acid  in  a  water, 
transfer  100  cc.  of  it  to  a  narrow  cylinder  of  colorless 
glass,  whose  dimensions  are  so  chosen  that  this  quantity 
forms  a  layer  18-20  em.  in  thickness.  Add  3  cc.  of  the 
zinc  iodide-starch  solution  and  1  cc.  of  dilute  (1  :3)  sul- 
phuric acid.  If  the  iodide  of  starch  color  shows  at  once, 
or  after  a  short  time,  the  experiment  must  be  repeated, 
using  10-15  cc.  of  the  water,  and  diluting  to  100  cc.  with 
distilled  water.  The  iodide  of  starch  color  should  not  show 
until  after  several  minutes. 

Measure  100  cc.  of  distilled  water  in  each  of  2-4  cylin- 
ders of  the  same  dimensions,  add  1-4  cc.  of  potassium  ni- 
trite solution,  3  cc.  of  zinc  iodide-starch  solution  and  1  cc. 
of  dilute  sulphuric  acid.  Now  compare  the  tints  of  the  4 
cylinders  with  the  tint  of  the  unknown  water.  The  com- 
parison can  best  be  made  by  standing  the  cylinders  on 
white  paper  and  looking  down  through  the  column  of 
liquid.  If  the  tint  of  the  unknown  water  is  not  the 
same  as  one  of  the  four  standards,  the  latter  must  be 
varied  by  using  diflei*ent  amounts  of  the  nitrite  solu- 
tion, until  the  standard  and  the  unknown  agree  in  tint. 

This  method  gives  reliable  results  only  when  the 
amount  of  nitrous  acid  in  100  cc.  of  water  is  witliin  the 
limits  of  0.01-0.04  mg. 

When  many  colorimetric  analyses  are  required  to  be 
made,  the  Duboscq  colorimeter.  Fig.  50,  facilitates  the 
work.  This  apparatus  is  so  arranged  that  the  thickness 
of  the  layer  of  tlie  solution  may  be  varied  unti]  it  shows 
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the  same  tint  as  the  standard.  PLice  the  solution  to  be 
tested  in  the  cylindrical  vessel  g  and  the  standard  in  g' ; 
in  the  two  vessels  are  immersed  adjustible  cylinders,  b 
and  b',  the  bottoms  of  which  are  closed  with  glass  discs  ; 
b  and  b'  are  moval)le  by  a  rack  and  pinion  adjustment 


Fig.  50. 

which  is  provided  with  a  vernier,  so  that  the  distance  be- 
.tween  the  disc  b  and  the  bottom  of  g  can  be  accurately 
measured.  The  light  reflected  through  the  colored  li- 
quids by  the  mirror  S,  is  again  reflected  by  P  and  P'  in 
such  a  manner  tliat  on  looking  through  the  telesco})e  0, 
one-half  of  the  field  is  colored  by  one  solution  and  the 
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other  half  by  the  other  sohition. 

By  varying  the  positions  of  the  two  cylinders,  b  and 
b',  the  two  halves  of  the  field  of  view  may  be  made  to 
agree  in  tint. 

The  concentrations  of  the  two  solutions  are  then  in- 
versely, as  the  thickness  of  their  layers  below  b  and  b'. 

Method  of  Feldhauser — Kubel : — This  method  is  based 
upon  the  oxidation  of  nitrous  acid  to  nitric  acid  by  potas- 
sium permanganate.  An  excess  of  permanganate  is 
added,  and  the  excess  titrated  back  with  a  standard  solu- 
tion of  ammonium-ferrous  sulphate. 

This  method  is  especially  to  be  recommended  if  the 
nitrous  acid  amounts  to  more  than  1  mg.  in  100  cc.  of 
water  ;  the  results  are  inexact,  however,  if  the  water  con- 
tains less  than  0.1-0.2  mg.  of  nitrous  acid  in  100  cc.  of 
water.  (Tiemann.) 

Use  a  solution  of  permanganate  about  N/100  in 
strength,  containing  0.34 — 0.36  gram  of  potassium  per- 
manganate per  liter.  The  ammonium-ferrous  sulphate 
solution  should  contain  3.92  grams  of  the  dry  salt  in  1 
liter.  Adjust  the  permanganate  solution  so  that  1  cc. 
corresjDonds  to  1  cc.  of  the  ammonium-ferrous  sulphate  so- 
lution ;  1  cc.  of  the  permanganate  solution  then  corre- 
sponds to  0.19  mg.  of  nitrous  acid. 

The  method,  in  general,  is  similar  to  the  standardiza- 
tion of  permanganate.  See  :  Volumetric  Analysis  ;  Po- 
tassium Permanganate  and  Ferrous  Salts.  Add  an  excess 
of  the  standard  permanganate  solution  to  100  cc.  of  the 
water,  5  cc.  of  dilute  (1  :3)  sulphuric  acid,  and  titrate  back 
with  the  ammonium-ferrous  sulphate  solution. 

The  temperature  of  the  water  during  the  titration 
should  be  between  the  limits  15-25°  C.  ;  if  it  is  above 


WELL,  SPRING  AND  RIVER  WATER 


329 


25°,  organic  matter  may  be  oxidized,  if  below  15°,  the 
nitrous  acid  may  not  all  be  oxidized. 

Determination  of  Ammonia.  Method  of  Frankland 
and  Armstrong:  — This  method  depends  upon  the  behav- 
ior of  ammonia,  or  its  salts,  towards  potassium-mercuric 
iodide. 

The  ammonia  is  determined  colorimetrically.  The 
method  presupposes  the  absence  of  those  constituents  (iron, 
calcium,  magnesium,  etc.)  that  are  precipitable  by  the 
alkaline  potassium-mercuric  iodide  solution.  These  con- 
stituents may  be  removed  by  adding  sodium  carbonate 
and  sodium  hydroxide  (1  part  NaOH  :  2  parts  water),  and 
filtering.  All  chemicals  used  must  be  free  from  ammonia 
or  ammonium  salts. 

Prepare  a  standard  solution  for  comparison,  by  dis- 
solving 3.147  grams  of  dry  ammonium  chloride  in  1  liter 
of  water  ;  dilute  50  cc.  of  this  solution  with  water  to  1 
liter  ;1  cc.  contains  0.05  gram  of  ammonia. 

Preparation  of  Potassium-Mercuric  Iodide.  Nessler's 
Reagent  : — Dissolve  50  grams  of  potassium  iodide  in  50  cc. 
of  hot  water  and  add  a  hot  concentrated  solution  of  mer- 
curic chloride  (20-25  grams)  until  a  permanent  red  pre- 
cipitate of  mercuric  iodide  is  formed.  Add  300  cc.  of  po- 
tassium hydroxide  (1  :2),  and  dilute  to  1  liter. 

To  determine  ammonia,  pour  300  cc.  of  the  water  to 
be  tested  into  a  glass  cylinder,  add  2  cc.  of  sodium  carbon- 
ate and  1  cc.  of  sodium  hydroxide  (1  :2),  stopper  and 
shake.  When  the  precipitate  has  settled,  pipette  100  cc. 
of  the  clear  water  into  a  tall,  narrow  glass  cylinder  (see 
determination  of  nitrous  acid),  and  add  1  cc.  of  Nessler's 
reagent.  If  a  dark  reddish-yellow  or  reddish  color  is  pro- 
duced, there  is  too  much  ammonia  present  for  an  accurate 
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determination,  and  less  must  be  taken  (5-50  cc.)  and  di- 
luted with  distilled  water  to  100  cc.  The  reagent  should 
produce  a  bright  yellow  color.  Proceed  as  given  in  the 
determination  of  nitrous  acid.  Add  0.2-2  cc.  of  the  stand- 
ard ammonium  chloride  solution  and  1  cc.  of  Nessler's  re- 
agent, and  compare  the  colors.    See  page  326. 

This  method  is  reliable  only  within  the  limits  0.005- 
0.1  mg.  ammonia  in  100  cc.  of  water  (Tiemann) .  If  more 
than  this  quantity  is  present,  the  water  must  be  corre- 
spondingl}^  diluted  with  distilled  water. 

For  another  method  of  determining  ammonia,  see 
analysis  of  Mineral  Water. 

Determination  of  Organic  Matter.*  Kubel's  Method  : — 

This  method  depends  upon  the  oxidation  of  the  or- 
ganic matter  by  potassium  permanganate  in  acid  solution. 
The  excess  of  the  permangangate  is  titrated  back  with  ox- 
alic acid.  A  solution  of  perinanganate  containing  0.32- 
0.34  gram  of  the  crystallized  salt  in  a  liter,  is  used  ;  this  is 
standardized  against  N/100  oxalic  acid,  prepared  by  dis- 
solving 0.608  gram  of  pure  crystallized  oxalic  acid  in  a 
liter  of  water.  The  same  conditions  must  be  observed  in 
standardizing  and  in  the  actual  titration. 

Place  100  cc.  of  distilled  water  in  a  flask  of  about  300 
cc.  capacity,  add  5  cc.  of  dilute  (1  :3)  sulphuric  acid  and 
heat  to  boiling.    Add  from  a  burette,  3-4  cc.  of  the  per- 

*  Another  method  of  determining-  organic  matter,  consists  in  evap- 
orating the  water  to  dryness,  heating  the  residue  to  120°  —  140^C., 
weighing,  and  then  burning-  off  the  organic  matter.  As  the  earth  car- 
bonates lose  carbon  dioxide  on  ignition  at  a  red  heat,  the  ignited  residue 
is  moistened  with  ammonium  carbonate  and  dried  to  constant  weight  at 
130° — 140'^C;.  It  is  apparent  that  ignition  of  the  residue  not  only  burns 
oil"  organic  matter,  but  also  volatilizes  ammonium  compounds,  decom- 
poses nitrates,  etc.;  a  portion  of  the  calcium  carbonate  may  also  be  de- 
composed by  the  silica,  and  magnesium  chloride  may  decompose  to  form 
magnesia  and  hydrochloric  acid  etc. 
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manganate  solution,  boil  for  5  minutes,  remove  the  burner 
and  reduce  the  permanganate  with  10  cc.  of  N/100  oxalic 
acid.  Titrate  the  excess  of  oxalic  acid  with  permangan- 
ate. 

In  the  calculation,  it  should  be  remembered  that  the 
10  cc.  of  oxalic  acid  added  contained  6.28  mg.  of  crystal- 
lized oxalic  acid  (H2C2O4  +  2H2O)  and  that  this  corresponds 
to  3.16  mg.  of  potassium  permanganate,  or  0.8  mg.  of 
oxygen,  (required  to  oxidize  the  oxalic  acid  to  carbon  di- 
oxide). 

To  determine  the  organic  matter  in  a  sample  of  wa- 
ter, proceed  as  given  in  the  standardization.  Use  100  cc. 
of  the  water  to  be  tested.  Of  course,  if  3-4  cc.  of  perman- 
ganate solution  is  not  sufficient  to  oxidize  all  of  the  organic 
jnatter,  more  must  be  added;  in  all  cases,  sufficient  must 
be  added  to  leave  a  permanent  red  color  after  boiling. 

The  excess  of  permanganate  over  that  required  to  ox- 
idize the  oxalic  acid,  represents  the  amount  necessary  to 
oxidize  the  organic  matter  present  in  the  sample. 

If  X  represents  the  number  of  cubic  centimeters  of 
permanganate  that  corresponds  to  the  10  cc.  of  oxalic  acid 
used,  y  the  number   of   cubic   centimeters    of  perman- 

3  16 

ganate  reduced  by  the  oi-ganic  matter,  then  '  ^  '  ^  rep- 
resents the  number  of  parts  of  permanganate,  and 

tlie  number  of  parts  of  oxygen,  which  were  necessary  to 
oxidize  the  organic  matter  in  100,000  parts  of  the  water. 

If,  for  example,  100  cc.  of  water  required  7.2  cc.  of 
permanganate  to  give  a  permanent  red  color,  10  cc.  of  ox- 
alic acid  were  then  added  and  3.5  cc.  of  permanganate 
were  required  to  titrate  back,  and  if  10  cc.  of  the  oxalic 
acid  corresponds   to  8.5  cc.    of  the   permanganate  solu_ 
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tion,  then  : 

7.2  +  3.5=10.7;  10.7— 8.5=2.2  cc.  of  permanganate. 
100,000  parts  of  the  water,  therefore,  required  for 
oxidation  of  the  contained  organic  matter  : 


to     '       '      =  0.2070  parts  of  oxygen.* 

If  the  water  being  examined  contains  .  nitrous 
acid,  the  latter  will  also  be  oxidized.  See  page  328. 
For  each  part  of  nitrous  acid  in  100,000  parts  of  water, 
1.66  parts  of  permanganate  must  be  subtracted.  If  the 
water  contains  ammonia  or  hydrogen  suli)hide,  evaporate 
to  about  2/3  the  original  volume,  and  replace  the  evapo- 
rated water  by  distilled  water  before  titration. 

Schulze's  Method  : — This  method  differs  from  that  of 
Kubel  in  that  the  oxidation  is  effected  in  alkaline  solu- 
tion. After  acidifying  with  sulphuric  acid,  the  excess  of 
permanganate  is  reduced  with  10  cc.  of  oxalic  acid,  and 
the  excess  of  the  latter  titrated  with  permanganate. 

Proceed  as  given  above.  Add  1/2  cc.  of  sodium  hy- 
droxidef  to  100  cc.  of  the  water,  and  then  add  10-15  cc. 
of  permanganate  solution,  according  to  the  amount  of  or- 
ganic matter  present. 

Boil  the  water  for  about  10  minutes,  after  which  the 
red  color  must  still  x^ersist ;  cool  to  50-60°  C,  add  5  cc.  of 

*  Kubel  and  Wood  assume  that  5  parts  of  organic  matter  are  oxidized 
by  1  part  of  permang-anate;  the  excess  of  permang-anate,  in  milligrams, 
multiplied  by  5,  then  gives  the  content  of  organic  matter  in  100,000  parts 
of  water.  Tliis  supposition  does  not  agree  with  the  results  of  Tiemann's 
experiments.  Tiemann  found  that  the  absolute  weight  of  the  non- 
volatile organic  matter  in  different  waters  had  a  varying  relation  to  the 
amount  of  permanganate  necessary  to  oxidize  the  organic  matter. 


2.2.  3.16  _ 
8.5  "~ 
2.2  .  0.8 


0.8179  parts  of  permanganate,  corresponding 


t  Prepared  from  sodium.  Dissolve  1  part  sodium  hydroxide  in  2 
parts  of  water. 


MINERAL  WATER 


333 


dilute  sulphuric  acid  (1  :3)  and  10  cc.  of  the  oxalic  acid. 
Titrate  back  with  permanganate,  and  calculate  as  in  the 
other  method. 

In  reporting  the  results  of  an  analysis,  it  is  always 
more  correct  to  report  the  constituents  found  in  the  analy- 
sis, in  the  uncombined  state,  than  to  report  them  com- 
bined as  compounds.  Thus,  simply  the  number  of  parts 
of  chlorine,  CI,  sulphuric  acid,  SO4,  nitric  acid,  NO3,  ni- 
trous acid,  NO2,  silica,  Si02,  calcium,  Ca,  sodium,  Na, 
etc.,  in  100,000  parts  of  the  water,  should  be  given. 
Every  method  of  combining  the  metals  with  the  acids  is 
more  or  less  arbitrary  ;  suffice  it  to  say  that  chlorine  is 
generally  combined  with  sodium  and  any  excess  combined 
with  potassium.  If  there  is  more  than  sufficient  chlorine 
for  both  sodium  and  potassium,  the  excess  is  combined 
with  calcium.  If,  on  the  other  hand,  the  chlorine  does 
not  suffice  to  neutralize  the  alkalies,  the  latter  are  calcu- 
lated as  sulphates.  The  remainder,  or  all  of  the  sulphuric 
acid,  is  then  combined  with  calcium,  and  the  excess  of  cal- 
cium and  the  magnesium  calculated  as  bicarbonates.  If 
the  water  contains  nitric  acid,  this  is  generally  first  united 
with  ammonia  and  any  excess  combinec.  with  calcium. 
Nitrous  acid  is  likewise  united  with  ammonia.  If  the  wa- 
ter contains  iron  in  sufficient  quantity  to  be  determined, 
it  is  likewise  calculated  as  carbonate.  The  silica  is  gen- 
erally reported  in  the  uncombined  form. 

MINERAL  WATER. 

1.      WORK  AT   THE  SPRING. 

First  determine  the  physical  relations  of  the  spring, 
especially  as  to  appearance,  odor,  and  taste  of  the  water. 
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The  rate  of  efflux,  and  the  temperature  of  the  water,  togeth- 
er with  the  temperature  of  the  air,  should  be  noted.  It 
is  also  necessary  to  test  the  reaction  of  the  water  with 
blue  and  red  litmus  paper,  and  to  notice  whether  any 
change  of  color  in  the  paper  remains  the  same  on  drying 
the  latter.  If  the  spring,  or  its  exit,  contains  muddy  de- 
posits or  solid  incrustations,  samples  of  them  should  be 
collected  and  placed  in  stoppered  bottles,  and  preserved 
for  examination. 

Determination  of  Hydrogen  Sulphide  : — This  constit- 
uent may  easily  be  detected  by  its  odor,  or  by  its  decolori- 
zing effect  on  weakly  blued  iodide  of  starch  paper  when  a 
quantity  of  the  water  is  acidulated  with  sulphuric  acid 
and  shaken  in  a  flask. 

The  amount  of  hydrogen  sulphide  is  determined  with 
a  standard  iodine  solution  ;  a  solution  containing  1  gram 
of  iodine  (dissolved  in  potassium  iodide)  in  a  liter,  is  a 
convenient  strength.  Measure  a  quantity  of  the  water, 
add  acetic  acid,  and  fresh  ,  dilute  starch  solution,  and  then 
add  the  iodine  solution,  drop  by  drop  while  stirring,  until 
the  blue  color  of  iodide  of  starch  shows.  If  the  amount  of 
iodine  necessary  to  oxidize  the  hydrogen  sulphide  by  tlie 
above  method  has  been  determined,  it  is  advisable  to  repeat 
the  experiment,  as  follows  :  Place  almost  the  necessary 
amount  of  iodine  solution  in  a  beaker,  add  the  same 
quantity  of  water  as  before,  and  mix.  Now  add  a  few  drops 
of  acetic  acid,  a  little  starch  solution,  and  titrate  to  tlie 
end  reaction  with  iodine  solution. 

The  amount  of  iodine  solution  required  to  give  the 
same  end  reaction  with  the  same  amount  of  distilled  wa- 
ter, starch  and  acetic  acid,  should  now  be  determined,  and 
subtracted  from  the  amount  found  in  the  analysis  proper. 
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In  the  case  of  warm  springs,  the  hydrogen  sulphide 
can  be  determined  with  iodine  solution  only  after  the  wa- 
ter has  become  perfectly  cold  ;  the  cooling  may  be  has- 
tened by  immersing  the  flask  in  cold  water.  The  air  ab- 
sorbed while  tilling  the  flask,  may  decompose  part  of  the 
hydrogen  sulphide  ;  it  is  therefore  advisable  to  previously 
fill  the  flask  with  pure  carbon  dioxide  and  to  remove  the 
stopper  only  after  immersing  the  flask. 

If  it  is  desired  to  determine  the  hydrogen  sulphide 
gravimetrically ,  add  a  solution  of  silver  chloride  in  so- 
dium thiosulphate,  to  which  has  been  added  a  little  am- 
monium hydroxide,  to  a  portion  of  the  water,  and  stopper 
the  flask.  This  operation  should  be  done  at  the  spring. 
Filter  out  the  precipitate  later  at  the  laboratory,  and  oxi- 
dize the  sulphur  with  liydrogen  peroxide,  or  bromine  wa- 
ter, expel  the  bromine  from  the  filtrate  and  determine  the 
sulphuric  acid  as  usual. 

To  accurately  determine  sulpliuric  acid  in  a  mineral 
water  containing  hydrogen  sulphide,  it  is  necessary  to 
either  boil  a  sample  of  the  water  with  hydrochloric  acid 
at  the  spring,  or  to  precipitate  the  sulphur  compounds 
with  cadmium  chloride  in  closed  flasks.  The  sulphuric 
acid  may  then  be  determined  in  the  filtrate  from  the  cad- 
mium sulphide. 

The  precipitate  produced  by  the  cadmium  chloride 
may  also  be  used  to  determine  the  free  and  combined  hy- 
drogen sulphide.  Oxidize  the  precipitate  with  hydrogen 
peroxide  or  fuming  nitric  acid,  and  determine  the  sul- 
phuric acid  as  usual.  If  nitric  acid  was  used  for  oxida- 
tion, the  excess  should  be  evaporated. 

If  the  water  contains  tliiosulphuric  acid,  it  may  also 
be  determined  in  the  filtrate  from  the  cadmium  sulphide. 
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Precipitate  2  portions  of  the  water  with  a  solution  of  cad- 
mium chloride,  filter,  w^arm  the  filtrate  and  add  an  excess 
of  silver  nitrate.  Filter  out  the  resulting  precipitate  of 
silver  sulphide*  and  silver  chloride,  dissolve  the  chloride 
with  ammonium  hydroxide,  and  the  sulphide  in  nitric 
acid.  Expel  the  excess  of  nitric  acid  from  the  solution  of 
the  silver  sulphide,  and  precipitate  the  silver  as  chloride. 
1  molecule  of  silver  chloride  corresponds  to  1  molecule  of 
thiosulphuric  acid. 

Determination  of  Ferrous  Iron  :  —  For  this  determin- 
ation, use  a  solution  of  potassium  permanganate  that  con- 
tains about  0.6  gram  of  the  crystallized  salt  in  a  liter.  Acid- 
ify 500  cc.  of  the  water  with  dilute  sulphuric  acid,  and  titrate 
with  the  previously  standardized  permanganate.  Stand 
the  beaker  on  a  piece  of  white  paper  and  observe  the  color 
by  looking  down  through  the  solution.  Determine  the 
number  of  cubic  centimeters  of  permanganate  solution 
that  is  necessary  to  produce  the  same  tint  in  the  same 
volume  of  distilled  water,  and  subtract  from  the  amount 
necessary  to  oxidize  the  ferrous  iron. 

This  method  is  not  applicable  to  waters  that  contain 
hydrogen  sulphide  ;  in  such  a  case,  the  iron  must  be  de- 
termined gravimetrically,    See  below. 

Determination  of  Total  Carbon  Dioxide  :t — For  this 
determination  there  is  needed  a  solution  containing  1  part 
of  crystallized  calcium  chloride  in  5  parts  of  water,  to 
which  has  been  added  10  parts  of  ammonium  hydroxide, 
Sp.  Gr.  0.96.  This  solution  must  be  prepared  several 
weeks  before  using,  and  should  be  kept  in  closely  stop- 
^  Ag^SaOg-l-  H2O  =  Ag^s  -I-  H2SO4. 

t  For  the  collection  and  analysis  of  gases  absorbed  in  water,  see 
Bunsen,  Gasometrischen  Methoden,  and  W.  Hempel,  Gasanalytischen 
Metlioden,  or  translation  of  the  latter  work,  by  L.  M.  Dennis. 
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pered  flasks.  Fill  a  measuring  flask  of  200-1000  cc.  capa- 
city with  the  mineral  water,  according  to  the  amount  of 
carbon  dioxide  contained,  immerse  as  far  as  possible  be- 
low the  surface  of  the  water,  and  suck  the  water  from  the 
flask  by  means  of  a  rubber  tube,  so  that  the  flask  may  be 
fllled  with  water  from  below.  Pour  the  contents  of  the 
measuring  flask,  together  with  a  sufficient  amount  of  the 
clear,  calcium  chloride  solution,  into  a  second  flask  suita- 
ble for  transportation,  rinse  out  the  measuring  flask  several 
times  with  boiled  distilled  water  and  carefully  stopper 
with  a  cork.  The  cork  should  be  moistened  with  distilled 
water  and  have  a  piece  of  I'ubber  gauze  drawn  over  it  be- 
fore being  inserted.    (Bunsen) . 

Determination  of  Specific  Gravity  : — If  the  mineral 
water  contains  a  large  amount  of  gas,  it  is  advisable  to 
fill  the  specific  gravity  bottle  at  the  spring.  The  flask 
shown  in  Fig  51,  recommended  b}^  Fre- 
senius,  is  used  ;  it  has  a  capacity  of  200 
-400  cc.  The  neck  is  drawn  out  to  a 
length  of  about  50  mm.  and  a  diameter 
of  5-6  mm.,  and  is  provided  with  a  milli- 
meter scale.  The  mouth  of  the  flask  is 
round  and  can  be  tightly  closed  with  a 
rubber  stop^Der. 

To  flll  the  flask,  close  its  mouth  with 
the  thumb,  immerse  as  deep  as  possible 
in  the  water  and  allow  to  fill  until 
the  neck  is  about  half  full. 

Close  the  mouth  of  the  flask  with  the 
thumb,  remove  from  the  water  and  stop- 
per at  once  with  a  rubber  stopper.    To  ensure  safety,  se- 
cure the  stopper  in  place  witli  a  string. 


B38 


MINERAL  WATER 


Filling  the  Bottles  : — Ordinary  wine  bottles  may  be 
used  in  which  to  ship  the  water  to  the  laboratory.  Im- 
merse the  bottle  as  deep  as  possible  into  the  water,  empty 
and  refill.  Stopper  the  bottles  with  good  corks,  over 
which  has  been  drawn  sheet  rubber  ;  cut  off  the  projecting 
end  of  the  cork,  and  seal  when  dr}^ 

If  a  more  minute  examination  is  to  be  made,  fill  a 
few  carboys  with  the  water. 

2.      DETAILS  OF  THE  ANALYSIS. 

Determination  of  Specific  Gravity  : — If  the  specific 
gravity  flask  was  filled  with  w^ater  at  the  spring,  fill  a 
similar  flask  with  distilled  w^ater,  stopper,  and  allow  the 
two  flasks  to  stand  together  for  at  least  12  hours  so  that 
they  may  have  the  same  temperature. 

Note  the  height  of  the  liquid  in  the  graduated  neck  of 
the  flask  containing  the  mineral  water,  and  wxigli. 
Empty  the  flask,  rinse  it  out  and  then  fill  to  the  same 
mark  with  water  from  the  second  flask,  and  weigh  again. 
Now  empty  the  flask,  rinse  it  out  with  alcohol  and  ether, 
dry,  and  determine  its  weight. 

The  flask  should  be  carefully 
cleaned  and  dried  on  the  outside  be- 
fore weighing. 

If  the  flask  was  not  flUed  at  the 
spring,  an  ordinary  pyknometer,  Fig. 
52,  may  be  used. 

Determination  of  Total  Carbon  Di- 
oxide : — For  this  determination,  use 
the  precipitate  produced  by  calcium 
chloride  at  the  spring.  If  sufficient 
time  has  elapsed  between  the  precipi- 
tation and  the  examination  in  the  lab- 
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oratory,  to  allow  the  originally  amorphous  precipitate  to 
crystallize,  the  water  may  be  filtered  at  once  ;  otherwise 
the  flask  should  be  warmed  for  some  time  on  the  water- 
bath.  In  the  latter  case,  the  stopper  should  be  put  in 
lightly,  to  avoid  the  generation  of  pressure  and  possible 
breaking  of  the  flask. 

Rinse  the  precipitate  into  a  flask,  and  determine  the 
cai'bon  dioxide  as  given  on  page  54. 

Since  a  measured  volume  of  the  water  was  taken  for 
the  precipitation  at  the  spring,  the  specific  gravity  of  the 
water  must  be  considered  in  the  calculation.  To  find  the 
weight  of  the  water,  it  is  only  necessary  to  multiply  the 
volume  taken  by  the  specific  gravit3\ 

Direct  Determination  of  Free  and  Combined  Carbon 
Dioxide  : — W.  Borchers*  has  recommended  the  use  of  the 
author's  apparatus  shown  in  Fig.  19,  for  the  direct  deter- 
mination of  free  and  combined  carbon  dioxide.  Instead 
of  the  decomposing  flask  shown  in  the  figui'e,  Borchers 
uses  an  Erlenmeyer  flask  of  500-600  cc.  capacity  ;  the 
flask  should  be  provided  with  a  300  cc.  mark.  To  avoid  a 
loss  of  carbon  dioxide  while  taking  a  sample  from  the  bot- 
tle filled  at  the  spring,  close  the  bottle  with  a  2-hole  rub- 
ber stopper,  through  wliich  passes  two  glass  tubes,  one  of 
the  tubes  is  drawn  out  to  a  point  and.  bent  up  in  the  form 
of  a  hook,  and  reaches  to  tlie  bottom  of  the  flask,  and  the 
other  is  bent  at  a  right  angle  just  below  the  stopper.  Be- 
fore removing  the  stopper  put  in  at  the  spring,  the  flask 
of  water  should  be  cooled  in  ice  water.  By  inverting  the 
bottle,  the  sample  of  300  cc.  may  now  be  transferred  to 
the  decomposing  flask  with  a  minimum  loss  of  carbon  di- 
oxide. 


*  Jour.  f.  prakt.  Chem.,  Vol.  17,  p.  353. 
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It  is  advisable  to  substitute  a  Liebig  absorption  bulb, 
or  other  similar  apparatus  filled  with  potassium  hydrox- 
ide, for  the  soda  lime  tube,  immediately  behind  the  tube 
filled  with  sulphuric  acid,  so  as  to  be  able  to  tell  when  the 
decomposition  is  complete.  Connect  the  potash  bulb  with 
a  U-tube  filled  with  soda-lime. 

Transfer  300  cc.  of  the  water  from  the  bottle  to  the 
decomposing  flask,  connect  at  once  with  the  remainder  of 
the  apparatus  and  slowly  heat  to  boiling ;  continue  the 
boiling  until  the  potassium  hydroxide  in  the  Liebig  bulb 
begins  to  suck  back.  Now  aspirate  about  1  liter  of  air 
freed  from  carbon  dioxide,  through  the  apparatus,  while 
still  boiling  ;  cease  aspirating  air,  and  again  boil  until  the 
potassium  hydroxide  again  begins  to  suck  back.  If  the 
water  contains  much  bicarbonate,  the  above  treatment 
must  be  repeated  several  times,  since  the  bicarbonate  de- 
composes but  slowly  into  the  normal  carbonate.  Re  weigh 
the  Liebig  bulb  and  the  soda-lime  tube.  The  increase  in 
weight  is  due  to.  free  carbon  dioxide  and  one-half  the  car- 
bon dioxide  of  the  bicarbonates. 

To  determine  the  combined  carbon  dioxide,  again  con- 
nect the  absorption  apparatus  with  the  train,  and  liberate 
the  carbon  dioxide  with  hydrochloric  acid.  Proceed  as 
given  in  the  Determination  of  Carbon  Dioxide  in  Carbon- 
ates, page  54. 

Determination  of  Total  Solids  : — Weigh  one  of  the 
filled  bottles,  and  evaporate  the  contents  in  a  weighed 
platinum  dish  on  the  water-bath  ;  if  the  water  contains  a 
large  quantity  of  dissolved  gas,  care  must  be  taken  not  to 
heat  too  rapidly  at  first,  otherwise  effervescence  may 
cause  a  loss.  After  each  addition  of  water  from  the  bot- 
tle, the  dish  should  be  covered  with  a  watch  glass.  Rinse 
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out  the  bottle  several  times  with  distilled  water,  and 
weigh  again.  Dry  the  residue  in  the  dish,  in  an  oil-bath 
at  160°  C,  to  constant  weight. 

If  the  weighed  residue  is  changed  to  sulphates  by 
treating  with  dilute  sulphuric  acid  and  igniting  with  am- 
monium carbonate,  the  weight  may  be  used  as  a  check  on 
the  other  determinations  of  the  analysis.  That  is  to  say, 
the  weight  of  sulphates,  minus  the  ferric  oxide,  silica  and 
and  phosphoric  acid  found,  should  agree  with  the  sum  of 
the  weights  of  the  metals  with  the  exception  of  iron,  cal- 
culated as  sulphates. 

Determination  of  Sulphuric  Acid  : — For  this  determi- 
nation, use  the  contents  of  one  or  several  bottles,  accord- 
ing to  the  amount  of  sulphuric  acid  present,  as  shown  by 
qualitative  tests.  Concentrate  the  water  by  evaporation, 
acidify  with  hydrochloric  acid  and  precipitate  with  barium 
chloride  as  usual.  For  the  determination  of  sulphuric 
acid  in  water  containing  hydrogen  sulphide,  see  page  335. 

Determination  of  Chlorine: — This  determination  is 
given  in  detail  on  page  321.  If  the  water  contains  brom- 
ine or  iodine,  it  will  be  found  in  the  silver  precipitate  and 
must  be  subtracted  from  the  latter  to  obtain  the  correct 
weight  of  chlorine. 

Hydrogen  sulphide  water  should  previously  be 
warmed  with  ammoniacal  hydrogen  peroxide,  to  decompose 
the  sulphides. 

Determination  of  Bromine,  Iodine,  Flourine,  and  Bor- 
on : — As  these  constituents  are  generally  present  in  but 
small  amounts,  and  as  a  large  amount  of  water  must  be 
evaporated,  it  is  convenient  to  determine  them  in  the  same 
portion  of  water. 

Evaporate  the  contents  of  one  of  the  large  carboys, 
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taking  care  that  the  water  remains  alkaline  in  reaction 
during  evaporation  ;  add  sodium  carbonate,  if  necessar3^ 
This  precaution  will  not  be  necessary  if  the  water  belongs 
to  the  class  known  as  alkaline  mineral  waters.  Digest 
the  residue  several  times  with  large  quantities  of  distilled 
water,  and  rinse  the  insoluble  portion  onto  a  filter.  The 
insoluble  portion  may  contain  the  carbonates  and  sul- 
phates of  calcium,  barium,  strontium  and  magnesium,  to- 
gether with  iron  and  manganese  compounds,  silica,  and 
all  the  fluorine  in  the  form  of  calcium  fluoride.  Treat  the 
residue  on  the  filter  with  dilute  hydrochloric  acid,  and 
fuse  the  residue,  consisting  of  sulphates  of  the  earths,  cal- 
cium fluoride  and  silica,  in  a  platinum  crucible  with  so- 
dium carbonate.  The  aqueous  extract  of  the  fuse  contains 
sodium  silicate  and  sodium  fluoride,  while  barium,  stron- 
tium, etc.,  remains  insoluble  in  the  form  of  carbonates. 
To  separate  silica,  and  determine  fluorine  as  calcium  fluo- 
ride, proceed  as  given  under  Phosphorite. 

Divide  the  solution  obtained  by  extracting  the  resi- 
due, (filtrate  from  the  carbonates  and  sulphates  of  the  al- 
kaline earths)  into  three  weighed  portions  for  the  deter- 
mination of  boron,  iodine  and  bromine.  To  determine 
boric  acid,  acidify  one  portion  with  hydrochloric  acid,  add 
about  1  gram  of  magnesium  chloride  and  some  ammonium 
chloride  and  then  supersaturate  with  ammonium  carbon- 
ate. Evaporate  the  solution  to  dryness  in  a  platinum 
dish,  maintaining  alkaline  reaction  by  adding  ammonium 
hydroxide  from  time  to  time  ;  ignite  the  residue  of  mag- 
nesium borate,  magnesium  chloride  and  magnesium  hy- 
droxide. Extract  the  ignited  residue  several  times  with 
hot  water,  and  again  evaporate  the  filtrate  to  dryness  with 
magnesium  chloride,  ammonium  chloride  and  ammonium 
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hydroxide  to  obtain  the  last  traces  of  the  boric  acid.  Ex- 
tract this  residue  with  hot  water,  add  to  the  first  residue, 
transfer  to  a  weighed  platinum  crucible,  evaporate  with 
water  several  times,  and  finally  ignite  and  weigh. 

Test  a  small  portion  of  the  weighed  residue  for  boric 
acid,  by  moistening  a  platinum  wire  with  concentrated 
sulphuric  acid,  adding  a  small  portion  of  the  residue  and 
trying  the  flame  reaction.  If  boric  acid  is  present,  divide 
the  weighed  residue  into  2  unequal  parts.  Dissolve  the 
larger  portion  in  cold  nitric  acid  and  precipitate  the  silver 
as  silver  chloride,  and  the  magnesium  as  phosphate  from 
the  hydrochloric  acid  solution  of  the  smaller  portion 
(Bunsen).    See  page  27. 

If  A  represents  the  weight  of  the  mixture  of  magne- 
sium borate,  magnesium  chloride  and  magnesium  oxide, 
B  the  weight  of  the  silver  chloride  found  by  analysis, 
C  the  weight  of  the  magnesium  pyrophosphate  found  by 
analysis,  and  x  the  amount  of  boric  acid,  then, 

CI— 0  2MgO 
x=A  .B  .  C 

AgCl  Mg2P207 

or,  x=A— 0.19142  .  B— 0.36037  .  C. 

To  determine  the  iodine,  use  a  second  portion  of  the 
water.  Various  methods  have  been  suggested  for  this  de- 
termination. If  there  is  considerable  iodine  present,  pre- 
cipitate it  as  palladous  iodide,  Pdr2.  Acidify  slightly 
with  nitric  acid  and  proceed  as  given  on  page  44. 

If  but  a  trace  of  iodine  is  present,  the  following 
method  is  more  suitable.  Acidify  the  water  slightly  wiih 
hydrochloric  acid  and  precipitate  the  iodine  by  a  few 
drops  of  a  solution  of  nitrogen  peroxide  in  sulphuric  acid, 
or  by  fuming  nitric  acid,  and  shake  out  the  iodine  with 


344 


MINERA].  WATER 


carbon  bisulphide  in  a  separatory  funnel. 

When  the  carbon  bisulphide  has  taken  up  all  the 
iodine,  draw  it  off,  wash,  and  titrate  with  a  very  dilute 
solution  of  sodium  thiosulphate  solution,  shaking  after 
each  addition.  The  sodium  thiosulphate  solution  should 
be  standardized  in  a  similar  manner  by  adding  a  few  cu- 
bic centimeters  of  iodine  solution  of  known  strength  (about 
N/100)  to  carbon  bisulphide,  shaking  out  as  given  above, 
and  then  titrating.    See  Volumetric  Analysis. 

Bunsen  used  chlorine  water  of  known  strength  for  the 
separation  and  determination  of  iodine.  To  determine 
small  quantities  of  iodine,  chlorine  water  saturated  at  the 
ordinary  temperature  should  be  diluted  with  20  times  its 
volume  of  water,  and  for  larger  quantities  of  iodine,  with 
twice  its  volume  of  water.  The  strength  of  this  solution 
may  be  ascertained  as  follows  :  Take  a  measured  volume 
(100-150  cc.  of  the  dilute,  and  about  40  cc.  of  the  concen- 
trated),  add  to  a  solution  of  potassium  iodide,  and  deter- 
mine the  liberated  iodine  with  sodium  thiosulphate.  See 
page  118. 

Acidify  the  water  with  hydrochloric  acid  and  then 
add  sufficient  chloroform  so  that  a  few  cc.  remain  undis- 
solved after  shaking  in  a  separatory  funnel.  Now  add 
the  chlorine  water,  drop  by  drop,  shaking  the  funnel  after 
each  addition.  Continue  the  addition  of  chlorine  water 
until  the  violet  color  of  the  chloroform  has  just  disap- 
peared, or  the  yellow  color  due  to  the  liberated  bromine, 
just  appears. 

If  the  iodine  has  been  precipitated  as  palladous  iodide 
with  palladous  nitrate,  the  filtrate  may  be  used  for  the  de- 
termination of  bromine.  It  is  necessary,  however,  to  first 
completely  remove  the  chlorine.    Add  sodium  carbonate 
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to  alkaline  reaction,  evaporate  to  dryness  on  the  water- 
bath  and  extract  the  residue  repeatedly  with  warm,  abso- 
lute alcohol. 

The  alcoholic  solution  contains  all  the  bromine  in  the 
form  of  potassium  or  sodium  bromide,  together  with  a 
small  amount  of  alkaline  chloride.  Add  a  few  drops  of 
sodium  hydroxide,  remove  the  alcohol  by  evaporation, 
acidify  with  nitric  acid  and  precipitate  the  bromine  and 
chlorine  with  silver  nitrate.  The  bromine  may  now  be 
determined  from  the  loss  in  weight  after  the  bromine  has 
been  replaced  by  chlorine.    See  page  46. 

Instead  of  replacing  the  bromine  by  chloi'ine,  the 
weighed  precipitate  may  be  reduced  by  the  electric  cur- 
rent, and  the  metallic  silver  then  weighed.  For  this  pur- 
pose, place  a  small  piece  of  platinum  foil  connected  with 
a  platinum  wire,  on  the  pi'ecipitate,  partly  fill  the  crucible 
with  dilute  sulphuric  acid  and  hang  a  second  platinum 
foil  in  the  acid,  for  a  positive  electrode.  Connect  the  two 
poles  to  a  suitable  source  of  current,  and  the  silver  precip- 
itate will  soon  be  reduced.  The  end  of  the  reduction  is 
shown  by  the  bottom  of  the  crucible  being  covered  with 
nothing  but  porous  metallic  silver.  Decant  off  the  liquid, 
wash  the  silvc  by  decantation,  ignite  gently  and  weigh. 

Bromine  and  iodine  may  be  determined  in  a  similar 
manner,  if  the  iodine  has  previously  been  separated  by  ni- 
trogen peroxide  and  sulphuric  acid,  without  the  use  of  ni- 
tric acid.  Extract  the  iodine  with  carbon  bisulphide,  and 
the  bromine  is  then  in  the  layer  above  the  carbon  bisul- 
phide. The  bromine  can  now  be  determined  as  given 
above.  Bunsen  also  used  a  solution  of  chlorine  for  the 
determination  of  bromine.  Nearly  neutralize  the  third 
portion  of  water  with  hydrochloric  acid,  concentrate  in  a 
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white  porcelain  dish  until  the  salts  begin  to  crystallize 
out. 

Boil,  and  add  chlorine  water,  drop  by  drop,  from  a 
burette  held  close  to  the  surface  of  the  liquid.  Bromine 
and  iodine  are  liberated  and  color  the  liquid  yellow.  By 
boiling  the  solution,  the  bromine  and  iodine  may  be  com- 
pletely volatilized.  Wlien  the  liquid  is  colorless,  add 
more  chlorine,  and  boil  again  ;  continue  in  this  manner 
until  the  color  does  not  return  on  adding  a  drop  of  chlo- 
rine water. 

The  amount  of  bromine  is  found  by  subtracting  the 
number  of  cubic  centimeters  of  chlorine  water  correspond- 
ing to  the  iodine,  from  the  number  of  cubic  centimeters  of 
chlorine  water  required  by  both  bromine  and  iodine,  and 
calculating  the  difference  to  bromine. 

If  the  original  water  is  colored  by  organic  matter,  add 
sodium  hydroxide  and  evaporate  to  dryness  in  a  platinum 
dish  ;  transfer  to  a  silver  crucible  and  ignite. 

Determination  of  Nitric  Acid: — Nitric  acid  maybe 
determined  as  given  on  page  323. 

The  determination  of  nitric  acid  may  also  be  com- 
bined with  the  determination  of  ammonia.  In  the  lat- 
ter case,  the  solution  in  the  retort,  after  expelling  the 
ammonia,  is  used  for  the  determination  of  nitric  acid. 
The  nitric  acid  is  reduced  to  ammonia  by  warming  with 
zinc  and  the  excess  of  sodium  hydroxide  used  to  expel 
the  ammonia  : 

KN03+7NaOH-|-4Zn=(3ZnNa202+ZnNaK02)-f-2H20 

+NH3. 

Now  concentrate  the  contents  of  the  retort  by  evap- 
oration, add  zinc  powder  and  pass  the  ammonia  and  hy- 
drogen into  a  dilute  solution  of  hydrochloric  acid. 
See  page  109. 
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Instead  of  zinc  powder,  Bnnsen  used  '^^'or  5^  bpirais 


made  by  twisting  iron  and  zinc  wiic  together  and  then 
winding  them  around  a  gLass  rod.  '  ^  '  '  "  "''^  *  ;  ■ 
After  standing  for  12  hours,  heat  the  contents  'of 
the  retort  on  the  water-bath  until  no  more  evolution  of 
gas  takes  place.  Add  distilled  water  to  the  retort  and 
boil  over  a  free  flame  until  half  the  contents  has  dis- 
tilled over. 

As  mentioned  on  page  110,  the  ammonia  may  be 
passed  into  a  measured  quantity  of  standard  oxalic  acid 
(about  N/100),  and  the  excess  titrated  back  with 
a  standard  alkali.    See  :  Volumetric  Analysis  :  Alkalime- 


If,  in  the  latter  case, 
t,  represents  the  number  cc.  of  oxalic  acid  taken, 
a,  the  weight  of  acid  (H2C2O4-I-2H2O)  in  one  cc,  and 
t'  the  number  cc.  of  unneutralized  acid, 
then,  the  sample  of  water  taken  contains, 


Determination  of  Ammonia: — Use  about  1000-2000 
grams  of  the  water.  Add  hydrochloric  acid  and  concen- 
trate to  a  small  volume  in  a  porcelain  dish.  Proceed  as 
given  on  page  109. 

Determination  of  Calcium,  Strontium,  Barium,  Mag- 
nesium, Iron,  Manganese,  Aluminum,  Pliosphoric  Acid, 
Silica  and  Organic  Matter : — Acidify  about  5000 
grams*  of  the  water  with  hydrochloric  acid  and  evaporate 
to  dryness  in  a  platinum  dish,  with  the  precautions  given 
under  Determination  of  Total  Residue.    As  the  water  on 


try. 


N2O5 


*  The  amount  of  water  to  be  taken  depends  upon  the  amount  of 
mineral  matter  in  the  water. 
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Icng  standing  may  precipitate  calcium  carbonate  and  fer- 
ric hydroxide,  the  flask  should  be  rinsed  out  with  dilute 
hydrochloi'ic  acid  anri  then  with  water. 

Hea^t  t^i£ ,  residue  at  120°  C.  to  dehydrate  the  silicic 
acid,  moisten  with  hydrochloric  acid,  warm  on  the  water- 
bath  and  dilute  with  a  little  water.  Filter  out  the  silica, 
wash,  ignite  and  weigh.  If  the  silica  is  colored  by  or- 
ganic matter,  extract  it  with  alcohol  and  ether  before  ig- 
niting. Evaporate  off  the  ether  and  alcoliol,  and  weigh 
the  organic  matter."^ 

The  silica  should  be  tested  for  purity  with  hydroflu- 
oric acid  or  ammonium  fluoride  ;  if  there  is  a  residue  of 
barium  or  strontium  sulphate,  or  titanic  acid,  dissolve  it 
and  add  the  solution  to  the  main  solution. 

Heat  the  filtrate  from  the  silica  to  boiling  in  a  plati- 
num dish,  add  a  few  drops  of  nitric  acid,  and  precipitate 
the  aluminum,  iron  and  phosphoric  acid  with  ammonium 
hydroxide. 

Wash  the  precipitate  with  hot  water,  dissolve  in  hy- 
drochloric acid  and  reprecipitate  with  ammonium  hydrox- 
ide. A  small  amount  of  silica  is  generally  found  on  dis- 
solving the  first  precipitate.  Iron,  aluminum  and  phos- 
phoric acid  may  be  separated  by  Berzelius'  method,  as 
follows  :  Fuse  the  precipitate  in  a  platinum  crucible  with 
6  times  its  weight  of  a  mixture  of  6  parts  of  sodium  carbon- 
ate and  11/2  parts  of  silica,  and  digest  the  fuse  with 
hot  water.  The  aqueous  solution  contains  all  the  phos- 
phoric acid  in  the  form  of  sodium  phosphate,  together 
with  the  excess  of  sodium  carbonate  and  silica.  To  sepa- 
rate the  silica,  warm  the  solution,  add  ammonium  carbon- 


*  For  the  determinatioa  of  organic  matter  by  ig-riiting  the  total 
residue,  see  note  on  p.  330. 
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ate,  allow  to  stand  in  a  warm  place  and  then  filter  ;  acid- 
ify the  filtrate  with  hydrochloric  acid  and  evaporate  to 
dryness  in  a  platinum  dish  to  separate  the  remainder  of 
the  silica.  The  phosphoric  acid  is  now  precipitated  with 
magnesia  mixture  as  usual. 

Dissolve  the  insoluble  residue  from  the  fuse  in  hydro- 
chloric acid  and  evaporate  to  dryness  to  separate  the  small 
amount  of  silica  present.  Precipitate  the  iron  with  an  ex- 
cess of  pure  potassium  hydroxide,  and  proceed  as  given  on 
page  123. 

Transfer  the  filtrate  from  the  original  ammonium  hy- 
droxide precipitate  to  a  beaker  of  suitable  size,  and  precip- 
itate the  manganese  with  a  slight  excess  of  ammonium 
sulphide.  To  prevent  the  calcium  being  precipitated,  fill 
the  flask  with  boiled  water,  and  stopper.  The  precipitate 
of  manganous  sulphide  may  still  contain  some  calcium 
carbonate.  Dissolve  it  in  acetic  acid  (which  leaves  zinc, 
cobalt  and  nickel  sulphides  undissolved)  and  repeat  the 
precipitation.    Unite  the  filtrates. 

Acidify  the  filtrate  from  the  manganous  sulphide  with 
hydrochloric  acid,  and  warm  until  the  odor  of  hydrogen 
sulphide  is  gone.  Filter  off  the  sulphur,  neutralize  the 
filtrate  with  ammonium  hydroxide  and  then  add  ammo- 
nium oxalate  in  slight  excess.  When  the  calcium  oxalate 
has  settled,  filter  it  out,  wash  2  or  3  times,  dissolve  in  hy- 
drochloric acid  and  reprecipitate.  Ignite  to  calcium  oxide 
and  weigh. 

If  the  water  contains  barium  and  strontium,  they  will 
be  precipitated  with  the  calcium.  The  calcium  oxalate 
may  also  contain  a  small  amount  of  magnesium.  To  de- 
termine these  constituents,  heat  the  weighed  precipitate 
in  the  platinum  crucible  with  nitric  acid  until  a  clear  so- 
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lution  is  obtained,  and  then  evaporate  to  dryness.  The 
residue  consists  of  nitrates  of  calcium,  barium,  etc.  Warm 
the  residue  with  a  very  small  amount  of  absolute  alcohol, 
allow  to  stand  for  24  hours,  and  then  filter  off  the  insolu- 
ble nitrates  of  barium  and  strontium  ;  the  filtrate  contains 
calcium  and  magnesium  nitrates.  Evaporate  the  alco- 
holic filtrate  to  dryness,  dissolve  in  hydrochloric  acid  and 
evaporate  again  to  dryness.  Dissolve  in  water  and  pre- 
cipitate the  calcium  as  oxalate.  Evaporate  the  filtrate 
from  the  calcium  to  dryness,  volatilize  the  ammonium 
salts  by  gentle  ignition,  dissolve  in  dilute  hydrochloric 
acid  and  precipitate  the  magnesium  as  given  on  page  27. 

Dissolve  the  barium  and  strontium  nitrates  in  hot 
water,  evaporate  to  dryness  in  a  weighed  platinum  dish 
and  dry  at  140°  C,  to  constant  weight.  To  separate  the 
barium  and  strontium,  ignite  the  nitrates  strongly  over 
the  blast  lamp  to  form  oxides  and  then  dissolve  in  hy- 
drochloric acid. 

Evaporate  to  dryness  and  treat  the  residue  with  abso- 
lute alcohol,  which  dissolves  strontium  chloride  and  leaves 
barium  chloride  insoluble.  Filter  out  the  insoluble  barium 
chloride  and  wash  with  absolute  alcohol.  Dissolve  the 
barium  chloride  off  the  filter  with  hot  water  and  evaporate 
to  dryness  with  a  few  drops  of  sulphuric  acid,  in  a 
weighed  platinum  crucible. 

The  strontium  chloride  in  the  alcoholic  filtrate  is  like- 
wise precipitated  as  sulphate,  after  the  alcohol  has  been 
removed  by  evaporation. 

The  filtrate  from  the  calcium  oxalate  contains  the 
magnesium,  together  with  a  small  amount  of  calcium. 
Evaporate  to  dryness  in  a  platinum  dish,  volatilize  the 
ammonium  salts  by  gentle  ignition  and  dissolve  the  resi- 
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due  in  dilute  hydrochloric  acid.  Precipitate  the  magne- 
sium as  ammonium-magnesium  phosphate,  as  given  on 
page  27.  To  recover  the  calcium  from  the  magnesium 
pyrophosphate,  dissolve  the  weighed  precipitate  in  concen- 
trated hydrochloric  acid,  precipitate  with  ammonium  hy- 
droxide and  redissolve  in  acetic  acid.  From  this  solution, 
precipitate  the  calcium  with  ammonium  oxalate. 

Determination  of  Potassium  and  Sodium  : — In  the 
case  of  mineral  waters  containing  a  considerable  amount 
of  sodium  chloride,  the  contents  of  1  or  2  bottles  will  be 
sufficient  for  the  analysis. 

Concentrate  the  water  by  evaporation  in  a  porcelain 
dish,  boil,  and  precipitate  with  an  excess  of  baryta  water. 
Filter,  and  evaporate  the  filtrate  to  dryness  in  a  platinum 
dish.  Dissolve  the  residue  in  the  least  amount  of  water 
necessary,  filter,  if  necessary,  and  precipitate  with  ammo- 
nium hydroxide  and  ammonium  carbonate  ;  evaporate  the 
filtrate  from  the  barium  carbonate  to  dryness  in  a  plati- 
num dish,  volatilize  the  ammonium  salts  by  gentle  igni- 
tion, dissolve  in  water  and  add  more  ammonium 
carbonate.  Filter,  if  a  precipitate  is  formed,  and  test 
again  to  be  sure  that  all  non-alkaline  bases  are  removed. 
When  all  the  non-alkaline  bases  are  removed,  evaporate  to 
dryness  in  a  platinum  dish,  and  volatilize  the  ammonium 
salts  by  gentle  ignition.  Dissolve  the  salts  in  water,  and  di- 
gest for  2  hours  with  freshly  precipitated  mercuric  ox- 
ide, to  remove  the  last  traces  of  magnesia.  Filter,  evapo- 
rate to  dryness  in  a  platinum  dish  and  gently  ignite  to  ex- 
pel the  slight  amount  of  mercuric  oxide.  Dissolve  the 
residue  in  a  little  water,  filter  into  a  weighed  platinum 
dish,  acidify  with  hydrochloric  acid  and  evaporate  to  dry- 
ness.   Ignite  below  a  very  dull  red  heat,  and  weigh  as 
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KCl-fNaCl.  Separate  the  potassium  and  sodium  as  given 
on  page  103. 

The  alkaline  chlorides  always  contain  a  small  amount 
of  magnesium  chloride  ;  they  also  contain  lithium,  if  the 
latter  element  is  contained  in  the  water. 

To  determine  the  magnesium  in  the  precipitate,  evap- 
orate the  filtrate  from  the  potassium-platinic  chloride,  on 
the  water-bath,  to  expel  the  alcohol,  and  rinse  into  along- 
necked  flask,  connect  with  a  hydrogen  generator  and 
warm  ;  this  reduces  the  sodium-platinic  chloride  and  the 
excess  of  platinic  chloride  to  metallic  platinum.  As  soon 
as  the  solution  has  become  colorless,  filter  out  the  platinum 
and  precipitate  the  magnesium  in  the  filtrate,  as  usual.* 
Calculate  the  magnesium  pyrophosphate  to  magnesium 
chloride,  and  subtract  the  weight  from  the  weight  of  the 
mixed  chlorides.  (Laspeyres.) 

The  calcium  and  magnesium  may  also  be  separated  as 
oxalates,  and  the  alkalies  determined  in  the  filtrate. 

Determination  of  Lithium,  and  Detection  of  Caesium 
and  Rubidium  : — As  a  general  rule,  mineral  waters  con- 
tain but  a  small  amount  of  lithium  compounds,  so  that 
for  its  determination  a  large  amount  of  water  must  be 
evaporated.  If  a  considerable  amount  of  water  was  used 
for  the  determination  of  potassium  and  sodium,  lithium 
may  be  determined  at  the  same  time.  Evaporate  the  fil- 
trate from  the  metallic  platinum  to  dryness,  extract  the 
residue  of  sodium  chloride  and  lithium  chloride  with  ether- 
alcohol,  and  proceed  as  given  below. 

If  a  special  quantity  of  water  was  used  for  the  lith- 
ium determination,  qualitative  tests  for  caesium  and  rubi- 


*  It  is  simpler  to  separate  the  platinum  electrotytically.  See:  foot 
note,  p.  1. 
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dium  may  be  made  on  the  same  residue.  Separate  bar- 
ium, strontium,  calcium,  iron,  manganese,  etc.,  as  given 
in  the  determination  of  bromine,  iodine,  fluorine  and 
boron,  page  341.  Add  sodium  carbonate  to  the  clear  solu- 
tion and  evaporate  to  dryness.  Extract  the  residue  with 
water,  concentrate  the  filtrate,  slightly  acidify  with  hy- 
drochloric acid  and  precipitate  in  the  cold  with  platinic 
chloride.  The  precipitate  contains  potassium-platinic 
chloride,  together  with  caesium  and  rubidium  platinic 
chlorides,  while  lithium  and  sodium-platinic  chlorides  re- 
main in  solution.  The  detection  of  rubidium  and  caesium, 
in  the  presence  of  potassium,  depends  upon  the  easy  solu- 
bility of  potassium-platinic  cliloride  in  w\ater.  After 
standing  for  24  hours,  filter  out  the  precipitate,  and  boil 
in  a  platinum  dish  25-30  times  with  small  portions  of  wa- 
ter ;  add  only  sufficient  water  to  cover  the  precipitate. 
If,  after  cooling,  a  precipitate  separates  in  the  water  de- 
canted off,  filter,  and  treat  in  the  same  manner  as  before  ; 
unite  the  2  residues,  and  test  for  caesium  and  rubidium 
with  the  spectroscope. 

Determination  of  Lithium  : — Reduce  the  platinum 
salts  in  solution  with  hydrogen,  and  boil  the  filtrate  from 
the  platinum  with  baryta  water  to  remove  barium,  stront- 
ium, etc.  Separate  the  excess  of  barium  and  a  trace  of 
calcium  w^ith  ammonium  hydroxide  and  ammonia  carbon- 
ate, filter,  evaporate  the  filtrate  to  dryness  in  a  platinum 
dish  and  volatilize  the  ammonia  salts  by  gentle  ignition. 

Dissolve  the  salts  in  water,  filter,  if  necessary,  and 
acidify  with  hydrochloric  acid.  In  the  case  of  mineral 
waters  rich  in  sodium  chloride,  it  is  desirable  to  remove 
the  latter  as  much  as  possible  before  extracting  with  ether- 
alcohol.    Concentrate  the  acidified  solution  by  evaporation, 


354 


MINERAL  WATER 


filter  out  the  crystallized  sodium  chloride,  wash  several 
times  with  cold  water  and  repeat  the  operation.  (Bun- 
sen).  Finally  evaporate  to  dryness  on  the  water-bath, 
heat  with  a  free  flame  to  remove  moisture,  and  then  re- 
peatedly extract  the  mixture  with  ether-alcohol.  Repeat 
these  operations  until  a  small  portion  of  the  filtrate  does 
not  give  the  lithium  flame  coloration.  Then  evaporate 
the  alcoholic  extract  on  the  water-bath,  dissolve  the  resi- 
due in  water  and  test  with  ammonium  carbonate,  to  see  if 
calcium  is  still  present.  If  the  latter  is  present,  the  fil- 
trate must  be  evaporated  to  dryness,  the  residue  ignited 
and  again  dissolved  in  water  and  tested  for  calcium. 
Finally  evaporate  to  dryness,  dissolve  in  dilute  hydro- 
chloric acid,  again  evaporate  to  drj^ness  and  volatilize  the 
ammonium  salts.  Extract  the  residue  with  ether-alcohol. 
Filter  out  the  small  amount  of  sodium  chloride  and  deter- 
mine the  lithium  in  the  filtrate,  as  given  on  page  138. 

Qualitative  Detection  of  Copper,  Bismuth,  Lead,  Ar- 
senic, Antimony,  Tin,  Cobalt,  Nickel,  Zinc,  Barium, 
Strontium  and  Titanium :  — These  substances  are  contained 
in  mineral  waters  in  such  small  amounts  that  in  most 
cases  even  very  large  quantities  of  the  water  scarcely  suf- 
fice for  their  detection.  For  this  purpose,  however,  the 
deposits  collected  at  the  spring  are  suitable.  These 
should  have  been  rinsed  free  from  adhering  mineral  water 
with  distilled  water.  To  detect  arsenic,  antimony  and 
tin,  fuse  a  sample  of  the  deposit  with  twice  its  weight  of  a 
mixture  of  equal  parts  of  sodium  carbonate  and  potassium 
nitrate.  Dissolve  the  fused  mass  in  water,  acidify  with 
dilute  sulphuric  acid  and  evaporate  to  dryness  on  the  wa- 
ter-bath. Dissolve  the  residue  in  water  and  saturate  with 
hydrogen  sulphide.    Treat  the  precipitate  with  potassium 
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or  sodium  sulphide,  which  dissolves  the  sulphides  of  ar- 
senic, antimony  and  tin  ;  the  latter  may  be  reprecipitated 
by  adding  a  dilute  acid.  The  individual  elements  may  be 
detected,  as  usual. 

To  detect  the  remaining  metals,  dissolve  another  por- 
tion of  the  deposit  in  hydrochloric  acid,  precipitate  with 
hydrogen  sulphide  and  oxidize  the  sulphide  precipitate 
witli  fuming  nitric  acid,  to  destroy  the  organic  matter  pre- 
cipitated with  the  sulphides.  Separate  arsenic,  antimony, 
and  tin,  by  neutralizing  with  potassium  hydroxide  and  di- 
gesting with  sodium  sulpliide. 

Dissolve  the  residual  sulpliides  in  nitric  acid,  and 
precipitate  the  lead  with  sulphuric  acid.  Copper  and  bis- 
muth will  be  found  in  the  filtrate  from  the  lead  sulphate, 
and  may  be  precipitated  by  ammonium  carbonate.  The 
precipitate  should  be  examined  qualitatively. 

The  filtrate  from  the  sulphide  precipitate  contains 
manganese,  cobalt,  nickel,  etc.  ;  precipitate  witli  ammon- 
ium hydroxide  and  ammonium  sulphide,  and  test  quali- 
tatively. 

In  the  examination  of  deposits  containing  much  iron, 
Bunsen  recommends  the  following  method  for  detecting 
cobalt  and  nickel :  Remove  the  hydrogen  sulphide  group, 
expel  the  hydrogen  sulphide,  neutralize  with  sodium  car- 
bonate and  boil  witli  freshly  precipitated  manganous  sul- 
phide. Cobalt  and  nickel  are  precipitated,  and  may  be 
separated  from  the  manganous  sulphide  by  treating  with 
acetic  acid. 

Barium,  Strontium  and  Titanium  are  to  be  sought 
by  the  usual  methods,  in  the  portion  of  the  deposit  insolu- 
ble in  hydrochloric  acid.  The  silica  should  be  tested  for 
titanium,  as  given  on  page  124. 
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ASHES.* 

Constituents :  Ferric  Iron,  Aluminum,  Manganese, 
Calcium,  Magnesium,  Alkalies,  Silica,  CarjDonic  Acid, 
Sulphuric  Acid  and  Hydrochloric  Acid. 

The  ashes  may  be  obtained  by  incinerating  the  plants, 
seeds,  fruits,  etc.,  ina  platinum  dish  in  a  muffel,  or  at  alow 
temperature  over  a  free  flame,  after  drying  at  100°  C. 

The  latter  method  is  applicable  in  all  cases,  especially 
if  the  suggestion  of  F.  Schulze  is  followed.  Schulze 
recommends  supporting  a  cylinder  of  glass  over  the  dish, 
as  shown  in  Fig.  53.  The  incineration  may  then  be  ef- 
fected, even  at  a  very  low  red  heat, 
and  no  loss  of  alkalies  by  volatiliza- 
tion need  be  feared.  After  the  ash 
has  been  ignited  to  constant  weight, 
pulverize  it  and  preserve  it  in  a  bottle. 

Place  about  10  grams  of  the  ash 
in  a  glass  stoppered  cylinder  of  about 
300  cc.  capacity,  add  about  20  cc.  of 
water  and  replace  the  air  by  carbon  di- 
oxide.   Shake  the  contents  of  the  bot- 
a  __-zztle  vigorously,  refill  with  carbon  diox- 
^^ttide,  and  repeat  the  shaking  until  the 
^^Bliquid  is  completely  saturated. 

J        Kinse  the  contents  of  the  cylinder 
into  a  dish,  evaporate  to  dryness  on 
Fig.  53.  the  water-bath  and  heat  the  residue  on 

some  time  at  160°  C.  If  crystalline  calcium  carbonate 
has  precipitated  on  the  walls  of  the  cylinder,  and  cannot  be 

*  [Compare:  H.  W.  Wiley.  Bull.  46,  U.  S.  Dept.  Ag-ricult.  1899, 
p.  77.] 
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removed  by  shaking  with  water,  add  more  water,  saturate 
it  with  carbon  dioxide  and  shake  until  soluble  calcium  bi- 
carbonate is  formed.  Extract  the  dried  insoluble  matter 
on  a  filter  that  has  been  dried  at  100°  C.  and  weighed,  and 
concentrate  the  filtrate  by  evaporation,  On  evaporation, 
calcium  sulphate  generally  separates  out ;  filter  it  in  the 
same  manner,  on  a  weighed  filter. 

The  aqueous  extract  of  the  ash  contains  the  alkaline 
carbonates  and  sulphates,  together  with  chlorides  and  a 
small  amount  of  phosphates  ;  the  residue  contains  the  al- 
kaline earth  carbonates  and  phosphates,  together  with 
silica,  oxide  of  iron,  alumina  and  oxides  of  manganese. 

Immediately  after  filtration,  divide  the  aqueous  ex- 
tract of  the  ash  into  5  weighed  portions.  In  one  portion, 
determine  chlorine  as  usual. 

In  a  second  portion,  determine  sulphuric  acid,  as  bar- 
ium sulphate,  after  acidifying  with  hydrochloric  acid. 

To  determine  the  alkalies,  precipitate  one  of  the 
weighed  portions  by  boiling  with  baryta  water  ;  proceed 
as  given  on  page  351. 

Acidify  the  fourth  portion  with  hydrochloric  acid,  and 
boil  to  decompose  the  carbonates.  Add  ammonium  hydrox- 
ide to  alkaline  reaction,  and  then  dissolve  the  resulting  pre- 
cipitate in  acetic  acid.  From  this  solution,  precipitate  the 
small  amount  of  calcium  with  ammonium  oxalate.  Fil- 
ter, and  precipitate  the  remainder  of  the  phosphoric  acid 
with  magnesium  chloride,  from  the  ammoniacal  solution. 

If  no  phosphoiic  acid  is  present,  separate  calcium  and 
magnesium  in  the  usual  manner. 

The  carbon  dioxide  may  be  determined  in  the  fifth 
portion,  either  by  direct  weighing,  or  by  loss  on  ignition 
of  the  residue  after  evaporation. 
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Analysis  of  the  weighed  Insoluble  Residue: — Inti- 
mately mix  the  residue  in  an  agate  mortar,  treat  about  2 
grams  with  nitric  acid  containing  nitrous  acid*  and  digest 
on  the  water-bath  to  complete  solution.  Evaporate  to 
dryness,  dissolve  the  residue  in  nitric  acid  and  water,  and 
filter  off  the  silica.  Dilute  the  filtrate  to  a  definite  vol- 
ume, and  determine  the  phosphoric  acid  in  an  aliquot 
part. 

Expel  the  excess  of  acid  in  another  portion,  or  in 
the  entire  remainder,  by  evaporation,  add  a  sufficient 
amount  of  lead  acetate  to  precipitate  the  phosphoric  acid, 
filter,  and  remove  the  excess  of  lead  with  hydrogen  sul- 
phide. After  filtering  out  the  lead  sulphide,  boil  off  the 
excess  of  hydrogen  sulphide,  oxidize  the  ferrous  iron,  boil, 
and  precipitate  the  iron  and  alumina  with  ammonium  hy- 
droxide. It  is  adviscible  to  dissolve  the  washed  precipitate 
in  hydrochloric  acid  and  repeat  the  precipitation.  Ferric 
oxide  and  alumina  may  be  separated  by  the  usual 
methods.  If  the  phosphoric  acid  was  precipitated  by  lead 
acetate  in  a  too  strongly  acid  solution,  the  precipitate  of 
ferric  oxide  and  alumina  will  be  contaminated  with  phos- 
phoric acid. 

Precipitate  the  manganese  in  the  filtrate  with  a  few 
drops  of  ammonium  sulphide.  After  destrojdng  the  excess 
of  the  latter  in  the  filtrate,  with  hydrochloric  acid,  precip- 
itate calcium  and  magnesium  as  usual. 

Instead  of  determining  the  phosphoric  acid  and  the 
metals  in  separate  portions,  the  method  of  Reissig  may  be 
used.  Add  2-3  grams  of  pure  metallic  tin  to  the  solution, 
add  fuming  nitric  acid  and  digest  until  no  more  oxidation 
takes  place. 

*  The  nitr(3us  acid  is  used  to  effect  the  solution  of  the  oxides  of 
manganese. 
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When  the  precipitate  of  stannic  oxide  and  stannic 
phosphate  has  completely  settled,  filter,  and  wash  vAth 
water.  Digest  the  precipitate  in  a  platinum  dish  with  a 
very  little  concentrated  potassium  hydroxide.*  Dilute 
the  alkaline  liquid,  which  contains  potassium  phosphate 
and  potassium  stannate,  with  900  cc.  of  water,  in  a 
weighed  liter  flask,  and  saturate  with  hydrogen  sulphide. 
If  a  ^precipitate  of  ferrous  sulphide  separates,  filter  it  out, 
return  the  filtrate  to  the  weighed  flask,  add  dilute  sul- 
phuric acid  to  acid  reaction,  fill  to  the  mark  with  water, 
and  weigh.  After  the  stannic  sulphide  has  completely 
settled,  which  requires  10-12  hours,  filter  about  2/3  of  the 
clear,  supernatant  liquid  through  a  dry  filter  into  a 
weighed  flask,  and  weigh  again.  Use  the  weighed  filtrate 
for  the  determination  of  phosphoric  acid.  Concentrate  by 
evaporation,  neutralize  with  ammonium  hydroxide  and 
precipitate  with  magnesium  chloride. 

To  ascertain  what  proportion  of  the  entire  solution 
was  used  for  the  determination  of  the  phosphoric  acid,  it 
Js  only  necessary  to  subtract  the  weight  of  stannic  sul- 
phide corresponding  to  the  weight  of  tin  taken,  from  the 
weight  of  the  entire  solution. 

Ferric  oxide,  alumina,  etc.,  are  contained  in  the  fil- 
trate from  the  stannic  phosphate  and  stannic  oxide.  First 
pass  a  current  of  hydrogen  sulphide  to  remove  the  impuri- 
ties contained  in  the  tin  (generally  copper) ,  boil  ofl"  the 
hydrogen  sulphide,  oxidize  with  nitric  acid,  precipitate 
with  ammonium  hydroxide,  etc. 

Take  a  separate,  weighed  portion  of  the  residue  tliat 
was  insoluble  in  water,  for  the  determination  of  carbon 


*  An  excess  should  carefully  be  avoided;  otherwise  a  precipitate 
may  separate. 
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dioxide,  silica  and  sulphuric  acid.  The  carbon  dioxide 
may  be  determined  by  direct  weighing,  or  it  maybe  deter- 
mined by  difference.  See  analysis  of  Soda  Ash.  After  expell- 
ing the  carbon  dioxide,  evaporate  the  residue  to  dryness  in 
a  platinum  dish  and  separate  the  silica  as  usual.  Precip- 
itate the  sulphuric  acid  in  the  filtrate  with  barium  chlo- 
ride. 

GUANO. 

Determination  of  Water  : — When  guano  is  dried  at 
100-120°  C,  ammonia,  as  well  as  water,  is  volatilized. 
The  ammonia  must,  therefore,  be  absorbed,  audits  weight 


Fig.  54. 

subtracted  from  the  total  loss  of  weight  of  the  sample  on 
drying,  to  get  the  amount  of  moisture.  Stohmann  has 
constructed  a  special  apparatus.  Fig.  54,  for  this  purpose. 
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W  is  a  water-bath,  into  which  the  brass  tube  a  is  sol- 
dered. The  boat  s  contains  the  guano,  a  is  connected  on 
one  side  with  the  drying-tower  C,  filled  with  calcium  chlor- 
ide, and  on  the  other  side,  with  the  pear-shaped  bulb  A,  for 
absorbing  the  ammonia.  The  bulb  A  contains  a  measured 
volume  of  oxalic  or  sulphuric  acid  of  known  strength  (about 
10  cc.  of  solution  containing  0.6285  gram  of  oxalic  acid, 
H.2C.2O4  +  2H.2O,  or  0.4891  gram  of  sulphuric  acid,  H2SO4, 
corresponding  to  0.170  gram  of  ammonia).  Weigh  a 
quantity  (5-10  grams)  of  the  pulverized  guano  in  the  boat 
s,  shove  the  boat  into  the  tube  a,  connect  the  latter  with 
C  and  A  and  heat  the  water  in  W  to  boiling  ;  at  the  same 
time  aspirate  a  slow  current  of  air  through  the  apparatus. 
When  the  contents  of  the  boat  have  come  to  constant 
weight,  titrate  the  excess  of  acid  with  standard  sodium 
hydroxide  or  ammonium  hydroxide,  and  subtract  the 
weight  of  ammonia  from  the  loss  of  weight  of  the  boat. 

Determination  of  the  Total  Non-Volatile  (fixed)  Con- 
stituents : — Proceed  exactly  as  described  in  the  analysis 
*bf  Ashes,  page  356,  heating  the  residue  from  the  water 
determination  in  a  platinum  dish  at  a  very  low  tempera- 
ture, until  the  weight  becomes  constant.  If  alkaline  earth 
carbonates  are  present,  they  may  lose  more  or  less  of  their 
carbon  dioxide,  according  to  the  temperature.  It  is 
therefore  necessary  to  moisten  the  ignited  residue  with 
ammonium  carbonate,  ignite  gently,  and  weigh.  The  re- 
sulting ash  should  be  kept  in  a  well-closed  bottle  for  the 
future  determination  of  single  constituents. 

Determination  of  the  Individual  Non-Volatile  Con- 
stituents : — Usually,  the  determination  of  phosphoric  acid, 
sulphuric  acid,  calcium,  and  alkalies  is  all  that  is  neces- 
sary.   As  regards  the  phosphoric  acid,  it  has  heretofore 
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been  estimated  by  digesting  a  weighed  sample  with  nitric 
acid,  and  determining  the  phosphoric  acid  in  the  solution, 
either  gravimetrically  or  yolumetrically. 

Gilbert  found  that,  upon  digesting  the  ash  with  nitric 
acid,  the  pyrophosphate  that  had  been  formed  by  ignition, 
was  not  fully  changed  into  the  ordinary  phosphate 
and  consequently  the  acid  existing  in  the  residue  as  cal- 
cium pyrophosphate  was  not  included  in  the  estimation. 
The  conversion  succeeds,  however,  readily  and  perfectly 
if  the  incinerated  guano  is  fused  in  a  platinum  crucible 
with  4  times  its  weight  of  a  mixture  consisting  of  2 
parts  sodium  carbonate  and  1  part  potassium  chlorate.* 

Ignite  at  a  low  red  heat  until  the  contents  of  the  cru- 
cible become  white,  then  heat  for  a  quarter  of  an  hour  at 
a  full  red  heat.  Pour  the  contents  of  the  crucible  into  a 
platinum  dish,  digest  for  some  time  with  water  on  the  wa- 
ter-bath, and  then  add  nitric  acid  to  acid  reaction.  If  the 
guano  contains  silica,  evaporate  to  dryness,  moisten  with 
nitric  acid  and  water,  and  separate  as  usual.  The  phos- 
phoric acid  may  be  determined  in  the  filtrate,  either  grav- 
imetrically or  volumetrically.  The  details  of  the  gravi- 
metric method  are  given  on  page  41. 

To  convert  the  nitric  acid  solution  into  an  acetic  acid 
solution  for  the  purpose  of  determining  the  phosphoric  acid 
volumetrically,  dissolve  the  precipitate  produced  by  sodium 
hydroxide  in  the  least  possible  quantity  of  acetic  acid.  When 
iron  and  aluminum  are  present,  their  phosphates,  FePOi 
and  AIPO4,  will  remain  insoluble  in  acetic  acid.  If  the  pre- 
cipitate is  pure  iron  or  aluminum  phosphate,  filter  it  out, 

*  Potassium  nitrate  may  be  used  instead  of  potassium  chlorate.  The 
former  is  preferable  in  the  analysis  of  products  which  contain  difficulty 
combustible,  nitrogenous  matter. 
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wash  with  hot  water,  ignite  and  weigh.  Calculate  the 
phosphoric  acid  contained  in  the  precipitate.  If,  hoAvever, 
the  precipitate  is  a  mixture  of  the  two  compounds,  and 
they  are  in  considerable  quantity,  to  make  an  accurate  de- 
termination, the  phosphoric  acid  must  be  separated  from 
the  bases,  as  given  on  page  159. 

To  determine  sulphuric  acid,  digest  a  second  portion 
of  the  ash  repeatedly  with  nitric  acid,  and  evaporate  to 
dryness  on  the  water-bath  ;  dissolve  the  residue  in  dilute 
hydrochloric  acid,  filter,  and  precipitate  the  sulphuric  acid 
in  the  filtrate  with  barium  chloride. 

The  calcium  is  most  advantageously  determined  in 
the  nitric  acid  solution  of  a  third  portion  of  the  ash,  by 
evaporating  it  to  dryness  with  sulphuric  acid,  forming  cal- 
cium sulphate.    See  page  101. 

Remove  the  nitric  acid  as  much  as  possible  from  the 
solution  of  a  fourth  portion  of  the  ash,  and  boil  the  solu- 
tion with  baryta  water  to  precipitate  the  non-alkaline 
bases ;  filter,  remove  the  calcium  and  magnesium  with 
ammonium  carbonate,  and  determine  the  alkalies  as  given 
on  page  351. 

In  the  complete  analysis  of  the  fixed  residue,  all  the 
constituents,  with  the  exception  of  the  alkalies,  may  be 
determined  in*  the  same  portion.  Fuse  the  sample  with 
sodium  carbonate  and  potassium  chlorate,  as  given  above, 
filter  out  the  silica,  and  dilute  the  filtrate  to  a  definite  vol- 
ume. If  calcium  sulphate  is  present  in  appreciable  quan- 
tity, the  silica  will  retain  a  slight  amount  of  it.  In  such  a 
case,  it  is  necessary  to  digest  the  silica  several  times  with 
small  amounts  of  dilute  nitric  acid. 

Determine  phosphoric  acid  and  sulphuric  acid  in 
measured  portions  of  the  solution.    The  barium  sulphate 
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should  be  extracted  several  times  with  hot  water  before 
transferring  to  the  filter,  and  it  should  also  be  extracted 
with  dilute- hydrochloric  acid  after  ignition. 

To  determine  the  remaining  constituents,  separate 
the  phosphoric  acid  with  tin  in  a  separate  portion  of  the 
solution,  and  proceed  as  given  on  page  149. 

Determination  of  Constituents  Soluble  in  Water,  and 
of  those  Insoluble  in  Water  : — For  the  determination  of 
these  constituents,  use  about  10  grams  of  the  un-dried 
guano.  Place  the  sample  in  a  flask,  add  about  200  cc.  of 
water,  shake  a  few  times  and  filter  at  once  on  a  filter  that 
has  been  dried  at  100°  C.  and  weighed.  Wash  the  insolu- 
ble residue  with  small  quantities  of  water,  using  the  suc- 
tion pump,  and  dry  at  100°  C,  to  constant  weight.  By 
incinerating  the  residue,  the  fixed  constituents  may  be  ob- 
tained. The  quantity  of  matter  soluble  in  water,  is  ob- 
tained by  difference.  If  the  entire  quantity,  or  a  portion 
of  the  non-volatile  constituents,  is  to  be  determined  in  the 
aqueous  solution,  evaporate  the  solution  to  drj^ness  in  a  plat- 
inum dish  and  ignite.  The  estimation  of  the  individual 
constituents,  soluble  or  insoluble  in  water,  is  executed  as 
given  above. 

Determination  of  Carbon  Dioxide  : — Many  guanos 
contain  carbonates  in  greater  or  less  quantities  ;  in  this 
case,  the  carbon  dioxide  may  be  estimated  as  given  above. 

Determination  of  Total  Carbon  : — Use  a  portion  of  the 
substance  that  has  previously  been  dried  at  100°  C,  and 
determine  the  carbon  either  by  ignition  in  a  current  of 
oxygen,  as  given  under  Organic  Analysis,  or  by  oxidation 
with  chromic  acid  and  sulphuric  acid,  as  given  on  page 
303.  As  oxides  of  nitrogen  are  formed  when  nitrogenous 
organic  matter  is  ignited  with  copper  oxide,  a  roll  of  copper 
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gauze  should  be  placed  iu  the  end  of  the  combustion  tube, 
next  to  the  absorption  apparatus.  In  employing  the  first 
method,  it  is  further  necessary,  as  the  ash  constituents 
readily  contain  carbon  dioxide,  to  mix  the  guano  before 
combustion,  with  boric  oxide,  antimony  oxide  or  copper 
phosphate,  which  will  completely  expel  the  carbon  diox- 
ide. If  a  mixture  of  9  parts  of  lead  chromate  and  1  part 
of  potassium  bichromate,  is  used  instead  of  copper  oxide  for 
the  oxidation  of  the  organic  matter,  the  carbon  dioxide  is 
completely  evolved  without  the  other  agents  ;  the  oxides 
of  nitrogen,  however,  are  more  readily  formed. 

Determination  of  Nitric  Acid  ; — Extract  a  weighed 
portion  of  the  fertilizer  with  cold  water,  add  sodium  car- 
bonate to  the  extract  to  alkaline  reaction,  allow  to  stand 
some  time,  and  then  filter.  Determine  the  nitric  acid  in 
a  portion  of  the  filtrate,  as  given  on  page  323,  or  346. 
When  using  the  method  subsequently  described  for  the  de- 
termination of  ammonia,  (by  boiling  with  magnesia) ,  the 
nitric  acid  determination  can  be  made  at  the  same  time. 
Proceed  as  given  on  367. 

Determination  of  Hydrochloric  Acid  : — Extract  a  new 
portion  of  the  un-dried  guano  with  very  dilute  nitric  acid 
at  a  low  temperature,  filter,  and  determine  the  hydro- 
chloric acid  in  the  filtrate. 

Determination  of  Oxalic  Acid  : — The  method  is  based 
upon  the  same  principle  as  the  valuation  of  Pyrolusite  ;  2 
molecules  of  carbon  dioxide  correspond  to  1  molecule  of 
oxalic  acid,  II2C2O4.  Mix  the  guano  with  an  excess  of 
pure  manganese  dioxide  and  add  a  moderate  excess  of  sul- 
phuric acid.  The  results  are  far  more  accurate  if  the  car- 
ben  dioxide  is  not  determined  by  loss  of  weight,  but  by  di- 
rect weighing,  as  given  on  page  56.    If  the  guano  con- 
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tains  carbonates,  add  sulpliuric  acid  before  adding  the 
manganese  dioxide,  expel  the  carbon  dioxide  by  warming 
the  sohition,  neutralize  the  acid  with  sodium  hydroxide 
free  from  carbonate,  and  then  proceed  as  given  above. 

Determination  of  Uric  Acid:— The  uric  acid  is  readily 
soluble  on  gently  warming  the  guano  with  sodium  hydrox- 
ide. Concentrate  the  filtrate  by  evaporation  and  acidify 
with  dilute  hydrochloric  acid.  After  standing  24  hours,  fil- 
ter the  separated  uric  acid  on  a  filter  that  has  been  dried  at 
100°'  C.  and  weighed,  wash  with  a  small  quantity  of  water, 
using  suction,  and  dry  to  constant  weight  at  100°  C. 

Determination  of  Total  Nitrogen: — For  the  method  of 
determining  nitrogen  by  formation  of  ammonia,  see  Or- 
ganic Analysis. 

Determination  of  Nitrogen  by  Kjeldahl's  Method*: — 
The  method  is  based  upon  the  fact  that  on  heating  nitro- 
genous substances  with  an  excess  of  sulphuric  acid  and  po- 
tassium permanganate,  all  the  nitrogen  is  changed  to  am- 
monia. Place  the  substance  in  a  narrow-necked  flask  of 
about  100  cc.  capacity,  and  add  an  excess  of  concentrated 
sulphuric  acid  and  a  small  amount  of  phosphorus  pentoxide 
Incline  the  flask  at  an  angle  and  heat  the  contents  to  boiling, 
and  boil  for  about  2  hours.  Oxidize  the  hot  solution  with 
potassium  permanganate,  adding  the  dry  salt  in  small  por- 
tions. The  dark  colored  solution  clears  up  and  flnally  be- 
comes bluish  green.  The  appearance  of  the  latter  tint  may 
be  taken  as  evidence  of  complete  oxidation.  Digest  the 
contents  of  the  flask  for  5  to  10  minutes  at  a  gentle 
heat,  cool,  dilute  with  water,  and  determine  the  am- 
monia as  given  on  page  109.    To  prevent  the  liquid  bump- 

*  Zeit.  f.  anal.  Chem.,  Vol.  22,  p.  366. 
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ing  during  distillation,  add  a  few  pieces  of  zinc  before  add- 
ing the  potassium  hydroxide. 

Determination  of  Total  Ammonia: — The  total  ammonia 
cannot  be  determined  by  distilling  a  weighed  quantity  with 
potassium  hydroxide,  as  the  guano  contains  proteine  sub- 
stances which  evolve  ammonia  when  treated  with  potassium 
hydroxide. 

The  latter  decomposition,  however,  does  not  take  place 
if  the  potassium  hydroxide  is  replaced  by  calcium  hydrox- 
ide, (milk  of  lime),  or  by  calcined  magnesia.  As  regards 
the  employment  of  calcium  hydroxide,  Schloesing,  who  pro- 
posed this  method,  found  that  the  expulsion  of  the  ammonia 
was  complete  only  when  the  calcium  hydroxide  was  allowed 
to  act  upon  the  substance  for  some  time  in  the  cold.  The 
decomposition  should  be  effected  either  in  a  tightly  closed 
dessicator,  or  under  an  inverted  beaker  sealed  with  mer- 
cury. Dilute  hydrochloric,  oxalic,  or  sulphuric  acid,  of  known 
strength,  is  used  to  absorb  the  ammonia,  and  the  vessel 
containing  the  acid  is  supported  with  the  aid  of  a  glass  tri- 
pod or  triangle,  directly  over  the  dish  containing  the  guano 
and  calcium  hydroxide.  To  prevent  loss  of  ammonia,  it  is 
advisable  to  make  every  preparation  for  the  absorption  of 
the  ammonia,  before  adding  the  calcium  hydroxide.  After 
standing  for  48  hours,  the  decomposition  is  complete.  One 
may  easily  be  assured  of  this  by  introducing  a  piece  of 
moist  red  litmus  paper  under  the  jar,  when  its  color  should 
remain  unchanged.  When  using  calcined  magnesia 
(Boussingault's  method)  to  effect  the  decomposition  of  am- 
monium compounds  in  guano,  it  is  necessary  to  boil  the 
mixture,  as  given  in  the  determination  of  ammonia  by  boil- 
ing with  potassium  hydroxide. 
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SUPERPHOSPHATES*. 

Superphosphates  contain  not  only  undecomposed  Cal- 
cium Phosphate,  but  also  varying  amounts  of  Calcium  Sul- 
phate, Calcium  Chloride,  Phosphate  of  Iron,  Free  Phosphor- 
ic Acid,  Water,  and  generally.  Sand,  Carbon,  and  Nitro- 
genous Organic  Matter. 

In  most  cases,  the  valuation  of  these  products  consists 
in  the  estimation  of  the  soluble — the  so-called  revertedf  — 
phosphoric  acid,  and  the  insoluble  phosphoric  acid. 

For  the  complete  analysis  of  superphosphates,  proceed 
exactly  as  given  in  the  preceding  examples.  First  deter- 
mine the  water  by  drying  a  sample  at  160-180°  C,  to  con- 
stant weight. 

The  constituents  soluble  and  insoluble  in  water,  may  be 
determined  by  grinding  about  10  grams  of  the  un-dried  sub- 
stance in  a  porcelain  mortar  with  cold  distilled  water  until 
the  mass  is  finely  divided.  Filter,  using  suction,  and  wash 
the  residue  until  the  washings  do  not  show  an  acid  reaction. 
Reserve  the  residue  for  further  investigation.  Dilute  the 
filtrate  to  a  definite  volume  (500  cc),  and  use  4  measured  or 
weighed  portions  for  the  determination  of  organic  matter 
and  alkalies,  sulphuric  acid,  hydrochloric  acid,  phosphoric 
acid  and  the  alkaline  earths. 

*  On  the  analysis  of  Superphosphates,  compare:  Mohr — Classen, 
Titrirmethode,  7th  edition. 

t  The  amount  of  soluble  phosphoric  acid  in  the  superphosphate 
gradually  diminishes.    The  process  of  changing-  to  the  insoluble  form  is 
called  "reversion."    The  following  reaction  takes  place: 
Ca3(P04)2 -I- CaH4(P04)2  =  4CaHP04. 

According  to  Post,  the  reversion  consists  in  the  free  phosphoric  acid 
entering  into  reaction  with  the  ferric  oxide  and  alumina,  and  also  with 
undecomposed  tribasic  calcium  phosphate.  There  is  thus  formed, 
citrate-soluble  ferric  phosphate  and  aluminum  phosphate,  as  well  as 
water-soluble  calcium  phosphate.  As  the  free  phosphoric  acid  de- 
creases, the  phosphates  of  iron,  aluminum  and  calcium  separate  from 
the  phosphates  which  are  soluble  in  water. 
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To  determine  the  organic  matter  and  alkalies,  evaporate 
the  first  portion  to  dryness  in  a  platinum  dish,  add  baryta 
water  to  alkaline  reaction,  and  evaporate  to  dryness.  Dry 
at  180°  C.  and  weigh.  Ignite  the  residue,  and  treat  as 
given  on  page  361.  The  loss  of  weight  on  ignition  gives 
the  amount  of  organic  matter.  Boil  the  ignited  residue 
again  with  baryta  water  to  separate  calcium,  magnesium, 
etc.,  filter,  and  determine  the  alkalies  in  the  filtrate,  as 
given  on  page  351. 

Determine  sulphuric  and  hydrochloric  acid,  as  usual,  in 
the  second  and  third  portions.  If  the  aqueous  extract  is 
strongly  colored  by  dissolved  organic  matter,  the  latter 
must  be  destroyed  before  hydrochloric  acid  can  be  deter- 
mined. Add  sodium  carbonate  and  potassium  nitrate  to  the 
solution  and  evaporate  to  dryness  in  a  platinum  dish.  Fuse 
the  residue,  dissolve  in  water,  and  determine  the  hydro- 
chlbric  acid  in  the  filtrate. 

Phosphoric  acid  and  the  alkaline  earths  may  be  deter- 
mined in  the  same  (fourth)  portion.  Add  sodium  carbonate 
to  the  solution  and  evaporate  to  dryness,  Fuse  the  salts 
with  a  mixture  of  sodium  carbonate  and  potassium  chlorate, 
as  given  on  page  361.  Dissolve  the  fuse  in  dilute  nitric 
acid,  make  alkaline  with  sodium  hydroxide  and  then  acidify 
with  acetic  acid.*  Dilute  the  solution  to  a  definite  volume, 
and  determine  the  phosphoric  acid,  either  gravimetrically 
or  volumetrically,  in  an  aliquot  portion  of  the  solution. 

Determine  the  calcium  and  magnesium,  as  usual,  in 
the  remainder  of  the  solution. 

The  further  treatment  of  the  water-insoluble  portion 

*  If  a  precipitate  of  iron  or  aluminum  phosphate  remains  insoluble 
after  acidifying  with  acetic  acid,  filter  it  out  and  determine  it  as  given 
on  p.  362. 


370 


SUPERPHOSPHATES 


of  the  superphosphate,  follows  from  what  has  been  said 
on  page  364,  First  determine  its  weight  after  drying  to 
constant  weight  at  180°  C,  and  then  determine  the  or- 
ganic matter  by  loss  on  ignition. 

Fuse  the  fixed  constituents  with  sodium  carbonate 
and  potassium  chlorate  and  proceed  as  given  on  page  353. 

Determine  nitrogen  and  ammonia  as  directed  in  the 
analysis  of  Guano. 

Determination  of  Phosphoric  Acid  Soluble  in  Water  : 
— The  method  follows  from  the  preceding.  Either  of  2 
methods  may  be  used  for  extracting  the  soluble  acid,  di- 
gestion or  washing.  The  first  method  consists  in  slowly 
pouring  about  500  cc.  of  cold  distilled  water  upon  a  quan- 
tity of  the  superphosphate,  shaking  repeatedly  and  filtering, 
after  standing  for  2  or  3  hours.  The  results  of  this 
method  depend  upon  the  duration  of  the  digestion.  It  is 
not  applicable  when  considerable  quantities  of  ferric  ox- 
ide and  alumina  are  contained  in  the  superphosphate,  as 
the  soluble  iron  or  aluminum  phosphate  gradually  decom- 
poses with  water,  and  separates  as  an  insoluble  tribasic 
phosphate  of  aluminum  or  iron  (Ruempler).  The  results 
are  consequently  too  low. 

The  washing  method  has  already  been  described. 
(Determination  of  constituents,  soluble  and  insoluble.) 
This  method  yields  the  most  accurate  results. 

To  determine  the  phosphoric  acid,  follow  the  method 
given  on  page  371,  by  evaporating  to  dryness  with  sodium 
carbonate  and  fusing  the  residue  with  sodium  carbonate 
and  potassium  chlorate.  Dissolve  the  fuse  in  dilute  nitric 
acid,  and  eitlier  precipitate  with  ammonium  molybdate  or 
titrate  with  uranium  acetate  solution. 
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According  to  the  investigations  of  Drewsen*,  phos- 
phoric acid  may  be  precipitated  with  ammonium  molybdate 
directly  by  previously  boiling  the  solution  for  some  time 
with  nitric  acid. 

Determination  of  Reverted  Phosphoric  Acid  : — For 
this  determination,  use  the  residue  freed  from  soluble 
phosphoric  acid  by  extraction  with  cold  water.  Fresenius 
found  that  by  treating  this  residue  with  ammonium  cit- 
rate, Sp.  Gr.  1,09, t  only  the  acid  calcium  phosphate, 
CaHP04,  was  dissolved,  while  the  undecomposed  calcium 
phosphate  in  the  superphosphate,  remained  entirely  un- 
dissolved. 

Extract  2  grams  of  superphosphate  with  water,  rinse 
the  residue  into  a  beaker  with  100  cc.  of  ammonium  cit- 
rate solution,  Sp.  Gr.  1.09,  digest  for  half  an  hour  at  a 
temperature  of  35-40°  C.  and  then  filter.  Wash  the  insol- 
uble residue  2  or  3  times  with  a  mixture  of  equal  volumes 
of  the  above  citrate  solution  and  water,  and  evaporate  the 
filtrate  to  dryness  in  a  platinum  dish.  Ignite  the  residue, 
first  alone,  and  then  with  sodium  carbonate  and  a  little 
potassium  nitrate.  After  cooling,  pour  Avater  on  the 
mass,  acidify  with  nitric  acid  and  warm  to  solution.  De- 
termine the  phosphoric  acid  in  solution,  either  gravimet- 
rically  by  precipitation  with  ammonium  molybdate,  or 
volumetrically  with  uranium  acetate. 

The  quantity  of  the  reverted  phosphoric  acid  may  be 
calculated  indirectly  by  difference. 

In  this  case,  determine  the  total  phosphoric  acid,  the 

*  Zeit.  f  anal,  chem.,  Vol.  20,  p.  54. 

t  Herzfeld  and  Feuerlein  use  ammonium  citrate  of  Sp.  Gr.  1.105. 
Add  400  cc.  of  water  to  300  grams  of  citric  acid,  and  then  add  325  g-rams 
of  finely  pulverized  ammonium  carbonate.  Allo/v  to  stand  for  an  hour, 
stirring  occasionally,  and  then  dilute  with  water  to  the  above  Sp.  Gr. 
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phosphoric  acid  soluble  in  water,  and  the  phosphoric  acid 
iindecomposed  after  treatment  with  water,  or  the  phospho- 
ric acid  insoluble  in  ammonium  citrate. 

If  b  represents  the  amount  of  reverted  phosphoric 
acid  sought,  S  the  total  phosphoric  acid,  a  the  phosphoric 
acid  soluble  in  water  and  c  the  undecomposed  phosphoric 
acid,  then 

S=a+b  +  c,  and  b=S — (a-fc). 

BONE  MEAL. 

In  a  complete  analysis,  the  amount  of  Fat  and  Glu- 
tinous Substance,  as  well  as  the  Fixed  (Mineral)  Con- 
stituents, have  to  be  determined. 

The  water  may  be  determined  by  drying  the  bone 
meal  at  125°  C. 

To  determine  the  total  fixed  constituents,  proceed  as 
given  under  Guano,  and  ignite  5-10  grams  of  the  un-dried 
powder  until  the  ash  appears  white.  Use  the  residue  for 
the  determination  of  the  individual  constituents,  using 
the  method  given  on  page  361. 

In  many  cases,  a  determination  of  phosphoric  acid  is 
all  that  is  required.  Fuse  the  residue,  which  need  not  be 
ignited  until  perfectly  white,  with  4  times  its  weight  of  a 
mixture  of  2  parts  sodium  carbonate  and  1  part  potassium 
nitrate.    Proceed  as  given  on  page  232. 

Determination  of  Fat : — Extract  a  weighed  sample  of 
the  un-dried  powder  in  an  extraction  apparatus  with  an- 
hydrous ether,  distil  of  the  latter,  dry  the  fat  at  100°  C, 
and  weigh  it. 

Determination  of  Glutinous  Matter  ; — This  determin- 
ation cannot  be  made  directly,  but  the  amount  is  found 
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indirectly  by  difference  between  the  weight  of  the  sample 
and  the  sum  of  the  weights  of  the  fixed  constituents,  fat, 
carbon  dioxide  and  water. 

Nitrogen  and  carbon  dioxide  are  determined  by  the 
method  given  under  Guano. 

BONE  BLACK. 

Bone  Black  is  a  mixture  of  Calcium  Phosphate,  Cal- 
cium Carbonate,  and  Carbon,  and  ordinarily  contains 
small  amounts  of  Ferric  Oxide,  Magnesium  Oxide,  So- 
dium Oxide,  Sulphuric  Acid,  (Fluorine)  etc. 

First  determine  the  water  by  drying  a  sample  at 
120°  C.^ 

Determine  the  carbon  dioxide  and  the  remaining  con- 
stituents, in  a  second  portion,  (about  5  grams'),  by  the 
method  given  on  page  56,  or  381.  After  expelling  the 
carbon  dioxide,  filter  the  hydrochloric  acid  solution 
through  a  filter  that  has  been  dried  at  120°  C.  and 
weighed  ;  dry  the  residue  at  the  same  temperature  to  con- 
stant weight.  The  residue  consists  of  carbon,  together 
with  undissolved  organic  matter,  clay  and  sand.  Ignite 
until  all  the  carbon  is  burned  off,  leaving  a  residue  of  clay 
and  sand  ;  the  amount  of  carbon  and  organic  matter  is 
found  by  difference. 

The  filtrate  from  the  carbon,  etc.,  contains  calcium, 
magnesium,  iron^  alkalies,  phosphoric  and  sulphuric 
acids.  Determine  these  constituents  by  tlie  methods  given 
under  Ashes. 

If  the  bone  black  contains  hydrochloric  acid,  it  must 
be  determined  in  a  special  sample.    See  page  365. 
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COAL. 

Coal  Analyses  are  divided  into  Proximate  Analyses 
and  Ultimate  Analyses.  The  proximate  analysis  of  coal 
includes  the  determination  of  Moisture,  Volatile  Combus- 
tible Matter,  Fixed  Carbon,  Sulphur,  and  Ash.  The  Ul- 
timate Analysis  includes  the  determination  of  Carbon,  Hy- 
drogen, Nitrogen,  Oxygen,  Sulphur,  Ash  and  Heating 
Effect. 

The  method  to  be  used,  depends  upon  the  use  to 
which  the  coal  is  to  be  put. 

Proximate  Analysis/ 

[Determination  of  Moisture  : — "Dry  1  gram  of  the  coal 
in  an  open  porcelain  or  platinum  crucible  at  from  104- 
109°  C.  for  1  hour,  best  in  a  double-walled  bath  containing 
pure  toluene.    Cool  in  a  dessicator  and  weigh  covered. 

''With  coals  high  in  moisture,  and  in  all  cases  where 
accuracy  is  desired,  determinations  must  be  made  both 
with  the  coarsely  groand  and  with  the  powdered  coal. 
When,  as  will  usually  be  the  case,  more  moisture  is  found 
in  the  coarsely  ground  than  in  the  powdered  coal,  a  cor- 
rection must  be  applied  to  all  determinations  made  with 
the  latter.  Thus,  if  1  per  cent,  more  of  moisture  is  found 
in  the  coarsely  ground  sample,  a  total  of  J  per  cent,  must 
be  subtracted  from  the  quantities  of  the  other  constituents 
as  determined  with  the  powdered  sample.  Or,  in  the  form 
of  a  rule  :  Divide  the  difference  in  moisture  by  the  per 
cent,  of  constituents  other  than  moisture  as  found  in  the 
powdered  coal,  by  the  quotient,  and  subtract  the  resulting 

*  [From  the  Report  of  the  committee  on  Coal  analysis  to  the  Ameri- 
can Chemical  Society,  Jour.  Am.  Chem.  Soc,  Vol.  21,  p.  1116.  W.  A. 
Noyes,  W.  F.  Hillebrand  and  C.  B.  Dudley,  Committee.] 
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product  from  the  amount  of  the  given  constituent. 

''Thus,  suppose  the  results  of  an  analysis  gave  : 

Coarsely  ground  Powdered 
Coal.  Coal. 

Moisture   12.07  10.39 

Volatile  combustible  matter   34.25, 

then  the  correction  factor  will  be 

12.07—10.39  1.68 

 =  =0.0187, 

100—10.39  89.61 

and  the  true  per  cent,  of  volatile  combustible  matter  will 
be, 

34.25— (34.25  X0.0187)=33.61. 

"It  is  possible  that  volatile  combustible  matter  and  ash 
may  be  determined  with  the  coarsely  ground  coal  without 
serious  error,  but  we  have  not  enough  data  at  our  com- 
mand to  warrant  such  a  recommendation. 

"The  toluene  bath  is  recommended  for  convenience, 
but  any  other  bath  at  the  proper  temperature  will  answer 
equally  well.  Coals  generally  gain  in  weight,  probably 
from  oxidation,  after  1  hour's  heating,  so  that  longer 
heating  is  not  only  unnecessary  but  undesirable. 

Determination  of  Volatile  Combustible  Matter  : — "Place 
1  gram  of  the  fresh,  un-dried  powdered  coal  in  a  platinum 
crucible  weighing  20  or  30  grams  and  having  a  tightly  fit- 
ting cover.  Heat  over  the  full  flame  of  a  Bunsen  burner 
for  7  minutes.  The  crucible  should  be  supported  on  a  plati- 
num triangle  with  the  bottom  from  6  to  8  cm.  above  the 
top  of  the  burner.  The  flame  should  be  fully  20  cm.  high 
when  burning  free,  and  the  determination  should  be  made  in 
a  place  free  from  draughts.  The  upper  surface  of  the  cover 
should  burn  clear,  but  the  under  side  should  remain  cov- 
ered with  carbon.  To  find  Volatile  Combustible  Matter, 
subtract  the  per  cent,  of  moisture  from  the  loss  found 
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here.  The  weight  of  the  material  left  in  the  crucible  is 
'coke.' 

Determination  of  Ash: — "Burn  the  portion  of  coal 
used  for  the  determination  of  moisture,  at  first  over  a  very 
low  flame,  with  the  crucible  open  and  inclined,  until  free 
from  carbon.  If  properly  treated,  this  sample  can  be 
burned  much  more  quickl}^  than  the  dense  carbon  left 
from  the  determination  of  volatile  matter.  It  is  advisable 
to  examine  the  ash  for  unburned  carbon  by  moistening 
it  with  alcohol. 

''When  the  sulphur  in  the  coal  is  in  the  form  of 
pyrites,  that  compound  is  converted  almost  entirely  into 
ferric  oxide  in  the  determination  of  ash;  and,  since  3 
atoms  of  oxygen  replace  4  atoms  of  sulphur,  the 
weight  of  the  ash  is  less  than  the  weight  of  the  mineral 
matter  in  the  coal  of  by  f  of  the  weight  of  the  sul- 
phur. 

"While  the  error  from  this  source  is  sometimes  con- 
siderable, the  committee  does  not  recommend  such  a  cor- 
rection for  'proximate'  analyses.  When  analyses  are  to 
be  used  as  a  basis  for  calculating  the  heating  effect  of  the 
coal,  a  correction  should  be  made.  If  it  is  desired  to  an- 
alize  the  ash,  proceed  a  given  under  Ashes,  page  356. 

Determination  of  Fixed  Carbon: — "This  is  found  by 
subtracting  the  per  cent,  of  ash  from  the  per  cent,  of  coke 
as  found  above.  Sulphur,  which  passes  partly  into  the 
Volatile  Combustible  Matter  and  partly  into  the  coke,  is 
not  considered  in  the  calculation. 

Determination  of  Sulphur  (Eschka's  Method)  :"Esch- 
ka's  method  is  recommended  for  general  use.  Mix  thor- 
oughly 1  gram  of  the  finely  powdered  coal*  with  1  gram 

*  With  coals  high  in  moisture  a  correction  may  be  necessary  on  ac^ 
count  of  the  loss  of  water  in  powdering-  the  coal.  (See  above  under 
moisture.) 
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of  magnesium  oxide  and  .5  grams  of  dry  sodium  carbonate 
in  a  thin  platinum  dish  having  a  capacity  of  75-100  cc. 
A  crucible  may  be  used,  but  a  dish  is  preferable.  The 
magnesium  oxide  should  be  light  and  porous,  not  a  heavy, 
compact  variety. 

"The  dish  is  heated  on  a  triangle  over  an  alcohol 
lamp,  held  in  the  hand  at  first.  Gas  must  not  he  used,  be- 
cause of  the  sulphur  it  contains.  The  mixture  is  fre- 
quently stirred  witli  a  platinum  wire  and  the  heat  raised 
very  slowly,  especially  with  soft  coals.  The  flame  is  kept 
in  motion  rwid  barely  toudiing  the  dish,  at  first,  until 
strong  glowing  has  ceased,  and  is  then  increased  gradually 
until,  in  15  minutes,  the  bottom  of  the  dish  is  at  a  low  red 
heat.  When  the  carbon  is  burned,  transfer  the  mass  to  a 
beaker  and  rinse  the  dish,  using  about  50  cc.  of  water.  Add 
15  cc.  of  saturated  bromine  water  and  boil  for  5  minutes. 
Allow  to  settle,  decant  through  a  filter,  boil  a  second  and 
third  time  with  30  cc.  of  w^ater,  and  wash  till  the  filtrate 
gives  but  a  slight  opalescence  with  silver  nitrate  and  ni- 
tric acid.  The  volume  of  the  filtrate  should  be  about  200 
cc.  Add  1.5  cc.  of  concentrated  hydrochloric  acid,  or  a 
corresponding  amount  of  dilute  acid.  Boil  until  all  the 
bromine  is  expelled,  and  add  to  the  hot  solution,  with 
constant  stiri'ing,  drop  b}^  drop,  especially  at  first,  10  cc. 
of  a  10  per  cent,  solution  of  barium  chloride.  Digest  on 
the  water-bath  or  over  a  low  flame,  with  occasional  stir- 
ring, until  the  precipitate  settles  clear  quickly.  Filter 
and  wash,  using  either  a  Gooch  crucible  or  a  filter  paper. 
The  latter  may  be  ignited  moist  in  a  platinum  crucible, 
using  a  low  flame  until  the  carbon  is  burned. 

"In  the  case  of  coals  containing  considerable  pyrites 
or  calcium  sulphate,  the  residue  of  magnesium  oxide 
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should  be  dissolved  in  hydrochloric  acid  and  the  solution 
tested  for  sulphuric  acid. 

^'If  desirable,  the  burning  of  the  coal  with  Eschka's 
mixture  may  be  carried  out  in  a  muffle,  from  20-30  min- 
utes being  required."] 

Ultimate  Analysis. 

Determination  of  Carbon  and  Hydrogen  : — These  con- 
stituents are  determined  either  by  the  methods  given  un- 
der Organic  Analysis,  or,  if  hydrogen  is  neglected,  Ul- 
gren's  method  of  determining  carbon  may  be  used.  See 
page  306. 

Determination  of  Nitrogen  : — See  analysis  of  Guano. 
Determination  of  Sulphur  and  Ash  : — See  Proximate 
Analysis. 

[Determination  of  Oxygen*  : — "The  method  to  be  used 
in  calculating  the  oxygen  of  the  coal  presents  ,  perhaps, 
the  question  of  greatest  difficulty.  If  we  could  be  sure 
that  all  of  the  sulphur  was  present  in  the  form  of  pyrites, 
and  that  this  was  converted  into  ferric  oxide  in  the  ash,  the 
oxygen  should  be  found  by  subtracting  from  100,  the  sum 
of  carbon,  hydrogen,  nitrogen,  ash  and  five-eights  of  the 
sulphur.  This  is  probably  the  best  rule  which  can  be 
given  for  general  use,  especially  for  coals  high  in  sulphur. 
The  cliemist  should,  however,  satisfy  himself  as  to 
whether  tlie  ash  is  practically  free  from  sulphates,  and,  if 
possible,  whether  the  sulphur  is  mainly  in  the  form  of 
pyrites.  If  necessary,  the  rule  should  be  modified,  in 
pai'ticular  cases,  accordingly. 

Detei-mination  of  Heating  Effect  : — "In  the  preliminaiy 
report,  tlie  recommendation  was  made  that  the  heating  ef- 


*  [From  Report  of  Committee  on  Coal  Analysis,  ante.] 
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feet  be  given  on  the  basis  of  the  coal  burned  to  vapor  of 
water  at  100''  C.  After  some  criticism  from  others  and 
from  further  consideration,  we  liave  concluded  to  recom- 
mend that  results  be  given  for  the  coal  burned  to  liquid 
Avater  at  the  ordinary  temperature.  The  reasons  for  this 
recommendation  are  that  this  appears  to  be  the  common 
practice  in  this  country,  and  because  coals  are  burned  to 
liquid  water  in  the  bomb  calorimeter,  which  undoubtedly 
furnishes  the  best  determinations  of  heating  effect  at  pres- 
ent available.  Engineers  and  others  will,  of  course,  un- 
derstand tliat  the  heating  effect,  when  stated  in  this  man- 
ner, includes  from  3.5-4  per  cent,  of  heat  which  can  never 
be  secured  under  tlie  conditions  of  practical  use. 

"The  most  reliable  formula  for  tlie  calculation  of  the 
heating  effect  of  a  coal  burned  to  liquid  water,  is  that  of 
Dulong,  which  gives  the  calorific  power  in  calories  per 
kilogram. 

"Calorific  power=8080 C  +  34,4G0 (H— ^0)  +2250  S. 

"For  the  calculation  of  tlie  oxygen,  see  above. 

"The  calorific  power  in  British  Thermal  Units  per 
pound  may  be  found  by  multiplying  that  in  calories  per 
kilogram  by  nine-fifths. 

"The  theoretical  evaporative  effect  is  to  be  calculated 
by  dividing  tlie  number  of  calories  per  kilogram,  by  536, 
or  the  number  of  B.  T.  U.  per  pound,  by  965,  and  sub- 
tracting from  this- result,  1/7  more  than  the  amount  of  wa- 
ter formed  by  burning  1  kilogram  of  the  coal.  The  addi- 
tion of  1/7  is  given  because  the  liquid  water,  on  the  basis 
of  which  the  heating  effect  is  given,  must  be  considered  as 
changed  from  water  at  ordinary  temperature  to  steam  at 
100°  C.  The  amount  to  be  subtracted  may  be  taken  as 
0.55  for  most  bituminous  coals.    The  result  gives  the  the- 
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oretical  number  of  kilograms,  or  pounds,  of  water  con- 
verted into  steam  from,  and  at,  100°  C,  by  1  kilogram,  or 
pound  of  coal. 

"The  rule  given,  tentatively,  in  our  preliminary  report 
for  the  calculation  of  heating  effect,  from  the  amount  of 
combustible  matter  present  in  bituminous  coals,  has  been 
found  to  be  of  limited  application."] 

Determination  of  Heating  Effect.  Berthier's  Method  : 
— This  method  is  based  upon  Welter's  law,  according  to 
which  the  heat  evolved  by  a  fuel  on  combustion,  is  pro2)or- 
tional  to  the  amount  of  oxygen  necessary  to  oxidize  its 
carbon  and  liydrogen.  Although,  as  Favre  and  Silber- 
mann  have  shown,  Welter's  law  is  not  strictly  accurate,* 
for  technical  purposes  it  gives  sufficiently  accurate  results. 

Mix  one  gram  of  the  finely  pulverized  and  dried  coal 
with  40  grams  of  litharge  in  a  crucible,  cover  the  charge 
with  30  grams  of  litharge  and  heat  gradually  to  incipient 
redness,  avoiding  access  of  reducing  gases.  The  tempera- 
ture should  be  so  regulated  tliat  the  litharge  is  not  com- 
pletely melted  until  the  coal  is  burned.  After  heating  at 
a  red  heat  for  45  minutes,  the  reduction  will  be  complete. 
Either  pour  the  charge,  or  allow  to  cool  in  the  crucible, 
and  tlien  break,  and  clean  the  button  of  metallic  lead. 

34  parts  of  reduced  lead  correspond  to  1  part  of  car- 
bon. If  a  represents  the  amount  of  lead  found,  a/34  . 100 
represents  the  relation  of  the  Jieating  value  of  the  coal  to 
that  of  pure  carbon.  If,  for  example,  1  gram  of  the 
fuel  gave  10  grams  of  metallic  lead,  its  heating  value  is 
10/34.  100=29.41  pei^-  cent.,  as  compared  with  pure  car- 
bon. 

*  [For  strioliy  accurate  work,  the  heating-  value  determined  by  Ber- 
thier's method  must  be  corrected  by  a  factor.  This  factor  varies  with 
different  coals,  and  must  be  determined  by  comparison  with  a  calorime- 
ter.] 
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Forclihammer  used  a  mixture  of  3  parts  litharge  and 
1  part  lead  chloride,  instead  of  pure  litharge,  for  the  re- 
duction. In  some  cases,  (e.  g.  peat  and  wood),  this  mix- 
ture gives  better  results  than  litharge  alone. 

A  considerable  content  of  pyrites  in  the  fuel  makes 
the  determination  inaccurate,  as  it  acts  as  a  reducer  on 
the  litharge. 

SODA  ASH.  " 
In  the  valuation  of  commercial  soda,  the  determina- 
tion of  tlie  content  of  Sodium  Carbonate  is  generally  suffi- 


Fig.  55. 

cient ;  for  this  determination  2  different  methods  may  be 
used.  Either  determine  the  carbon  dioxide,  or  titrate  a 
sample  of  the  soda  with  a  standard  acid,  and  then  com- 
pute the  content  of  sodium  carbonate. 

In  the  first  method,  the  carbon  dioxide  is  generally 
estimated  by  loss  of  Aveight,  after  treatment  with  an  acid  ; 
less  frequently,  by  direct  weighing  of  the  carbon  dioxide. 

Many  forms  of  apparatus  have  been  devised  for  esti- 
mating carbon  dioxide  by  loss  of  weight,  but  only  2,  Fre- 
senius-Wills'  and  Mohr's,  will  be  described  in  detail. 

The  former  consists  of  2  flasks,  K  and  K',  Fig  55, 
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which  are  connected  by  a  glass  tube  b  bent  twice  at  right 
angles.  K  contains  the  concentrated  sulphuric  acid  for 
decomposing  the  sample,  and  K'  the  solution  of  the  car- 
bonate. The  glass  tube  d  is  closed  on  its  upper  end  by  a 
piece  of  rubber  tubing  and  a  piece  of  glass  rod  ;  the  tube  a 
is  open  at  both  ends.  Fill  K  1/2  full  of  concentrated  sul- 
phuric acid,  and  K'  1/3  full  of  water.  Place  in  K'  the 
sample,  which  has  been  previously  dried  at  100°  C,*  and 
weigh  the  entire  apparatus. 

Connect  a  piece  of  rubber  tubing  to  a,  and  force  a 
part  of  the  sulphuric  acid  through  b  over  into  K'  to  de- 
compose the  carbonate.  Since  the  tube  d  is  closed  at  c, 
the  liberated  carbon  dioxide  must  escape  through  the  re- 
mainder of  the  acid  in  K  ;  this  dries  the  gas.  As  soon  as 
the  evolution  of  gas  in  K'  ceases,  force  over  more  of  the 
acid,  and  repeat  this  treatment  until  all  the  carbonate  is 
decomposed.  Now  force  almost  all  of  the  acid  over  into 
K',  and  lieat  the  contents  of  the  flask,  to  expel  the  ab- 
sorbed carbon  dioxide.  Remove  the  cap  at  c,  and  replace 
the  carbon  dioxide  in  the  apparatus  with  air  by  suction 
on  a.  After  the  apparatus  cools,  weigh  it  again  ;  the  loss 
of  weight  represents  the  expelled  carbon  dioxide.. 

If  the  soda  ash  contains  sulphides,  sulphites  or  thio- 
sulphates  (commercial  soda),  hydrogen  sulphide  and  sul- 
phur dioxide  will  be  expelled  with  the  carbon  dioxide.  In 
such  a  case,  boil  the  solution  of  soda  witli  hydrogen  per- 
oxide, which  will  oxidize  these  compounds  to  sulphate. 

In  the  presence  of  chlorides,  the  liberated  hydrochloric 
acid  will  render  the  result  inaccurate  ;  the  latter  may  be 

avoided  by  adding  a  little  silver  sulphate. 


*  The  moisture  may  be  determined  by  gently  igniting-  a  weighed 
sample. 
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The  arrangement  of  Mohr's  apparatus,  which  has  an 
especial  advantage  when  metals  which  form  insoluble 
sulphates  are  present,  is  shown  in  Fig.   56.    K   is  the 


Fij?.  56. 

flask  in  which  tlie  substance  is  decomposed  ;  it  should 
have  a  capacity  of  about  100  cc.  ;  a  contains  hydrochloric 
acid,  and  b  concentrated  sulphuric  acid.  Attach  c  to  a 
suction  pump,  open  the  pinch-cock  d,  and  suck  a  portion 
of  the  hydrochloric  acid  over  into  K,  and  at  once  close  d, 
so  that  the  carbon  dioxide  must  pass  through  b,  and  thus 
be  dried  by  the  sulphuric  acid. 

When  the  evolution  of  gas  has  slackened,  repeat  the 
operation  and  finally  allow  the  entire  quantity  of  hydro- 
chloric acid  in  a  to  pass  over  into  K. 

Now  open  the  stop-cock  d.and  remove  the  carbon  di- 
oxide in  the  apparatus  by  suction  on  c. 

The  other  method  of  determining  the  amount  of  so- 
dium carbonate  in  a  sample  of  soda,  consists  in  titrating 
the  solution  of  tlie  sample  with  an  acid  of  known  strength. 
For  details,  see  V-oluim4ric  Analysis  ;  Alkalimetry. 
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If  the  soda  ash  contains  sodium  hydroxide,  sodium  sul- 
phide, or  sodium  thiosulphate,  these  compounds  will  be 
decomposed  by  the  acid,  and  incorrectly  calculated  as  car- 
bonate. In  such  a  case,  proceed  as  given  above,  for  the 
determination  of  carbon  dioxide,  after  previously  boiling 
the  solution  with  hydrogen  peroxide.  To  determine  so- 
dium hydroxide  in  the  presence  of  carbonate,  precipitate 
the  aqueous  solution  of  the  soda  with  barium  chloride,  fil- 
ter out  the  barium  carbonate,  and  determine  the  sodium 
hydroxide  volumetrically,  in  the  whole,  or  an  aliquot 
portion  of  the  filtrate. 

Sodium  sulphide  and  sodium  thiosulphate  can  both 
be  determined  by  a  standard  solution  of  iodine.  Acidify 
the  solution  of  a  fresh  sample  of  the  soda,  with  acetic 
acid,  add  starch  solution  and  titrate  with  iodine.  This 
gives  the  amount  of  sulphide  and  thiosulphate.  Precipi- 
tate a  second  portion  with  aramoniacal  zinc  •  solution  or 
manganous  sulphate,  filter  out  the  zinc  or  manganese 
sulphide  and  determine  the  thiosulphuric  acid  in  the  fil- 
trate, with  iodine.  The  amount  of  iodine  solution  re- 
quired for  the  sulphide  is  then  found  by  difference.  See 
Volumetric  Analysis  ;  Sodium  Thiosulphate  and  Iodine 
Solution. 

Instead  of  subtracting  the  amount  of  standard  acid 
corresponding  to  the  sodium  sulphide  found,  and  calculat- 
ing the  sodium  carbonate  from  the  difference,  the  sodium 
carbonate  may  be  determined  directly.  For  this  deter- 
mination, the  above  precipitate  of  barium  carbonate  is 
suitable,  and  the  combined  carbon  dioxide  may  be  deter- 
mined either  volumetrically  or  gravimetrically. 

Fresenius  determines  both  carbonate  and  sulphide  in 
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the  same  sample*,  using  tlie  apparatus  described  on  page 
56.  A  weighed  portion  of  the  soda  is  decomposed  with 
hydrochloric  acid  in  the  flask  K.  To  condense  the  volatil- 
ized acid  curing  the  subsequent  boiling,  replace  the  bulb- 
tube  b,  by  a  vertical  condenser.  See  page  58.  The  tubes 
f  and  g,  are  filled  as  before,  To  absorb  the  hydrogen  sul- 
phide, connect  g  with  .2  U-tubes,  filled  with  pum- 
ice stone  saturated  with  copper  sulphate  (page  56),  and 
calcium  chloride.  Connect  these  U-tubes  with  the  soda- 
lime  U-tubes,  k  and^l. 

Now  proceed  as  given  on  page  56,  with  the  difference 
that  the  liquid  must  be  boiled  for  some  time  while  pass- 
ing a  current  of  air,  to  expel  the  hydrogen  sulphide. 
From  the  gain  in  weight  of  the  copper  sulphate  and  soda- 
lime  U-tubes,  the  amount  of  hydrogen  sulphide  and  carbon 
dioxide,  respectively,  may  be  calculated. 

If  the  soda  contains  thiosulphate,  the  latter  will  be 
decomposed  by  hydrochloric  acid  with  the  formation  of 
sulphur  dioxide.  The  latter  is  absorbed  by  the  soda-lime, 
and  therefore  calculated  as  carbon  dioxide.  The  above 
method  may  be  rendered  applicable  in  this  case,  by  inter- 
posing between  the  second  copper  sulphate  U-tube,  and 
the  soda-lime  U-tubes,  a  U-tube  filled  with  chromic  acid  (see 
page  302)  and  a  second  U-tube  filled  with  calcium  chloride. 

Commercial  soda  may  also  contain  sodium  chloride 
and  sodium  sulphate  ;  these  constituents  may  be  deter- 
mined in  the  usual  manner.  In  the  volumetric  determin- 
ation of  sodium  chloride  by  means  of  silver  nitrate,  first 
nearly  neutralize  the  solution  with  nitric  acid,  leaving  it 
very  faintly  alkaline.  See  Volumetric  Analysis.  Analy- 
sis by  Precipitation. 

*  Zeit.  f.  anal.  Chem.  Vol.  10,  p.  75. 
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PEARL  ASH. 

In  the  analysis  of  this  substance,  the  same  determin- 
ations are  made  as  given  in  the  preceding  example.  If  soda 
ash  is  admixed  with  the  pearl  ash, -titration  with  an  acid 
is  of  no  value  ;  the  content  of  potassium  carbonate  must  then 
be  separately  determined.  For  this  purpose,  acidify  the 
aqueous  solution  of  the  pearl  ash  witli  acetic  acid,  heat 
until  all  carbon  dioxide  is  expelled,  and  precipitate  the 
sulphuric  acid  with  lead  acetate.  Cool  the  solution,  di- 
lute to  a  definite  volume,  and  after  the  precipitate  has  set- 
tled, pipette  out  a  definite  volume  and  precipitate  the  ex- 
cess of  lead  in  it  witli  hydrogen  sulphide.  Filter  out 
the  lead  sulphide,  add  hydrochloric  acid  to  the  filtrate  and 
evaporate  to  dryness  in  a  weighed  platinum  dish.  Weigh 
as  KCl  +  NaCl.  The  potassium  may  now  be  separated  as 
potassium-platinic  chloride,  or  the  chlorine  may  be  deter- 
mined either  gravimetrically  or  volumetrically,  and  the 
potassium  and  sodium  carbonates  calculated  from  the 
chlorides. 

SOAP. 

In  the  valuation  of  soap,  the  constituents  usually 
determined  are  Alkali,  Fat,  and  Water.  The  alkali 
can  easily  be  determined  by  titration  with  standard 
sulphuric  or  hydrochloric  acid.  Dissolve  a  weighed  quan- 
tity of  the  soap  in  water,  and  titrate  with  standard  acid, 
using  blue  litmus  paper  as  an  external  indicator.  If  the 
titration  has  been  made  in  a  weighed  porcelain  dish,  the 
same  sample  may  serve  for  the  determination  of  fat.  Al- 
low the  acidified  solution  to  cool,  decant  off"  the  solution 
from  the  solidified  fat,  add  distilled  water  and  warm,  to 
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remove  the  rest  of  the  alkali.  After  cOoling,  decant  off 
the  water  and  dry  tlie  fat  at  about  110°  C,  to  constant 
weight. 

If  the  soap  contains  sodium  carbonate,  it  may  be  de- 
termined by  expelling  the  carbon  dioxide  as  given  on 
page  56,  or  381.  A  weighed  quantity  of  the  soap  may  also 
be  extracted  with  absolute  alcohol,  the  insoluble  sodium 
carbonate  filtered  out,  washed  with  absolute  alcohol,  dis- 
solved in  water  and  titrated  with  standard  acid. 

Determine  the  moisture  by  drying  a  weighed  sample 
at  110-120°  C,  to  constant  weight. 

NITER. 

SALTPETER. 

Principal  constituent  :  Potassium  Nitrate.  Gener- 
ally contains  Sodium,  Calcium  and  Magnesium  Nitrates, 
Alkaline  Chlorides  and  Sulphates. 

If  the  niter  contains  no  other  nitrate,  tlie  potassium 
nitrate  can  be  calculated  from  the  nitric  acid.  As  men- 
rioned  on  page  323,  nitrates,  in  the  presence  of  hydro- 
chloric acid  and  a  ferrous  salt,  decompose  to  form  ferric 
salt,  water  and  nitric  oxide.  To  determine  the  nitric 
acid,  heat  a  weighed  sample  of  the  salt,  w^ithout  access  of 
air,  with  a  weighed  excess  of  metallic  iron  or  ferrous-am- 
monium sulphate  (page  112)  and  hydrochloric  acid.  Af- 
ter complete  decomposition,  either  titrate  the  excess  of 
ferrous  iron,  with  permanganate,  or  the  ferric  iron  w^ith 
stannous  chloride.  See  Volumetric  Analysis.  The 
method  of  calculation  is  seen  from  the  equation  given  on 
page  323. 

In  the  valuation  of  a  niter  which  contains  nitrates 
other  than  potassium  nitrate,  the  preceding  method  is  not 
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applicable.  la  such  a  case,  the  detenniiiation  of  the  po- 
tassium is  the  only  method  to  be  relied  upon.  Transform 
the  nitrates  into  chlorides  by  repeated  evaporation  with 
fuming  hydrochloric  acid.  Determine  the  potassium  as 
potassium-platinic  chloride. 

If  the  niter  contains  calcium  or  magnesium  com- 
pounds, proceed  as  given  on  page  54. 

Determine  sulphuric  and  hydrochloric  acids,  as  given 
oil  pages  24  and  26. 

The  moisture  may  be  determined  by  drying  a  sample 
at  120°  C. 

GUNPOWDER. 

Constituents  :  Niter,  Charcoal,  Sulphur,  (Water). 

The  usual  method  for  the  analysis  of  gunpowder  con- 
sists in  drying  a  sample  over  concentrated  sulphuric  acid 
in  a  dessicator,  or  at  70°  C.  in  an  air-bath,  and  then  ex- 
tracting the  niter  by  repeated  washing  with  hot  water  on 
a  weighed  filter.  Evaporate  the  filtrate  to  dryness  in  a 
weighed  platinum  dish,  dry  at  120°  C.  and  weigh.  The 
sum  of  carbon  +  sulphur  is  then  obtained  by  diff'erence. 
To  determine  the  sulphur,  extract  the  dried  residue  with 
carbon  bisulphide  or  ammonium  sulphide.  The  sulphur 
can  now  be  calculated  by  difference,  by  drying  the  carbon 
to  constant  weight,  or  the  carbon  bisulphide  may  be  evap- 
orated and  the  sulphur  then  dried  at  70°  C,  and  weighed. 
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QUALITATIVE   ANALYSIS  OF  ORGANIC  COMPOUNDS. 

The  deportment  of  a  substance  when  heated  on  a  plati- 
num foil,  is  generally  used  to  decide  whether  or  not  it 
contains  carbon.  Most  organic  compounds  are  decom- 
posed by  this  treatment,  leaving  a  deposit  of  carbon. 
There  are,  however,  a  number  of  organic  compounds, 
which  volatilize  without  decomposition,  or  decompose 
w^ithout  depositing  carbon.  If  the  above  test,  therefore, 
gives  no  positive  result,  mix  a  quantity  of  the  substance 
with  previously  ignited  copper  oxide  or  lead  chromate, 
and  heat  the  mixture  in  a  tube  of  difficultly  fusible  glass. 
This  oxidizes  the  carbon  to  carbon  dioxide,  and  the  latter 
may  be  recognized  by  passing  the  gas  into  lime  water. 

Besides  Carbon,  organic  compounds  contain  other  ele- 
ments.   Hydrogen,  Oxygen  and  Nitrogen   are  generally 
present ;  more   rarely,  Sulphur,  Phosphorus,  Chlorine, 
Iodine,  etc. 

Hydrogen  is  easily  detected  by  the  formation  of  water 
on  heating  a  dry  mixture  of  the  substance  and  copper 
oxide  or  lead  chromate.  The  water  condenses  on  the  cold 
walls  of  the  tube  ;  the  water  may  also  be  driven  over  into 
a  weighed  calcium  chloride  U-tube,  and  its  formation 
proved  by  the  gain  in  w^eight  of  the  U-tube. 

Nitrogen  is  detected  by  first  transforming  it  into  a 
metallic  cyanide,  and  then  into  Prussian  blue.  Heat  a 
small  portion  of  the  substance  with  metallic  sodium  in  a 
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test  tube,  dissolve  tlie  mass  in  water,  add  ferrous  sulpliate 
and  ferric  cliloride  and  then  saturate  with  liydrochloric 
acid.    A  blue  precipitate  proves  the  presence  of  nitrogen. 

Oxygen  can  neither  be  detected  qualitatively  nor  de- 
termined quantitatively.  Its  presence  in  a  compound  is 
generally  inferred,  if,  after  determining  the  other  con- 
stituents, tlie  sum  is  not  100  per  cent. 

To  detect  sulphur,  either  oxidize  the  substance  with 
nitric  acid  or  aqua  regia,  or  fuse  it  with  a  mixture  of  so- 
dium carbonate  and  potassium  nitrate  or  chlorate.  The 
sulphuric  acid  found  may  be  detected  with  barium  chlo- 
ride, as  usual. 

Phospliorus  is  detected  in  a,  manner  similar  to  that 
for  detecting  sulphur.  The  phosphoric  acid  is  easily  rec- 
ognized by  its  deportment  witli  ammonium  molybdate. 

Only  in  rare  cases,  can  chhn-ine  b(^  detected  directly 
with  silver  nitrate,  as  many  organic  compounds  contain- 
ing halogous  do  not  give  a  pre  cipitate  of  silver  chloride. 
The  organic  compound  must  first  be  decomposed,  either 
by  heating  with  nitric  acid  and  silver  nitrate,  or  by  fusing 
witli  sodium  carbonate  and  potassium  nitrate. 

Iodine  is  detecting  in  a  similar  manner.  To  detect 
metals  in  organic  compounds,  decompose  the  latter  by  ig- 
nition, extract  the  residue  with  an  acid,  and  test  as  usual. 

II. 

QUANTITATIVE  ANALYSIS  OF  ORGANIC  COMPOUNDS. 
ULTIMATE  ANALYSIS. 

Since  in  the  oxidation  or  'combustion'  of  carbon  to  car- 
bon dioxide  by  heating  with  cojoper  oxide,  hydrogen  is 
also  oxidized  to  water,  the  2  elements,  carbon  and  hydro- 
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gen,  are  always  determined  at  the  same  time.  The  i3ro- 
ducts  of  the  oxidation,  carbon  dioxide  and  water,  are  ab- 
sorbed in  suitable  weighed  apparatus,  and  from  the  gain 


Fig.  57.  Fig. 

in  weight  after  the  combustion,  the  amount  of  carbon  and 
hydrogen  can  easily  be  calculated. 


Fig.  59. 

The  carbon  dioxide  is  absorbed  in  either  a  Liebig's 
bulb.  Fig.  57,  in  Geissler's  modification  of  Liebig's  appa- 
ratus, Fig.  58,  or  in  Winkler's  apparatus,  Fig.  59. 
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Liebig's  or  Geissler's  apparatus  is  filled  with  pure 
potassium  hydroxide,  Sp.  Gr.  1.2-1.3,  by  immersing  the 
tube  counected  to  the  large  bulb  in  the  potassium  hy- 
droxide and  applying  suction  to  the  other  tube,  until 
the  2  small  bulbs  are  entirely  full  and  the  large  bulb 
is  half  full,  To  avoid  a  possible  loss  of  carbon  dioxide, 
it  is  advisable  to  connect  a  U-tube  filled  with  pieces  of 
potassium  hydroxide,  with  the  main  bulb.  This  piecau- 
tion  is  especially  advisable  if  the  combustion  is  made 
witli  oxygen. 


Fig.  60. 

A  tube  filled  w^ith  pieces  of  potassium  hydroxide  may 
also  be  connected  directly  with  the  bulb,  as  sliown  in 
Fig.  58. 

A  U-tube,  Fig.  60,  filled  with  granular  calcium  clilor- 
ide.  is  generally  used  for  retaining  the  water. 

The  bulb  on  the  U-tube,  serves  to  condense  the 
greater  part  of  the  water,  and  should  be  placed  in  imme- 
diate connection  with  the  combustion  tube.  Fill  the  bulb 
with  cotton,  then  fill  the  2  arms  of  the  U-tube  with  cal- 
cium chloride,  insert  a  loosely  fitting  wad  of  cotton,  and 
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stopper  the  arms  with  corks  carrying  pieces  of  glass  tub- 
ing bent  at  a  right  rCngle. 

Since  calcium  chloride  frequently  contains  calcium 
hydroxide,  it  is  necessary  to  pass  dry  carbon  dioxide 
through  the  tube  for  several  hours,  and  then  to  remove 
the  carbon  dioxide  by  passing  dry  air. 

The  apparatus  shown  in  Fig.  61  is  very  suitable  for 
absorbing  the  water  ;  one  of  the  ai'ms  contains  a  small 


stick  of  phosphoric  acid,  the  otlier  arm  is  partly  filled 
with  concentrated  sulphuric  acid. 

Select  a  combustion  tube  of  difficultly  fusible  glass  of 
about  2  mm.  thickness,  and  of  about  14  mm.  inner  diam- 
eter. The  length  of  the  tube  will  depend  upon  the  length 
of  the  furnace  used.  Take  a  tube  long  enough  to  make  2 
combustion  tubes,  heat  in  the  middle  with  the  blast  lamp, 
draw  it  out  and  bend  it  to  the  form  shown  in  Fig.  62. 

The  tube  must  be  carefully  cleaned  and  dried  before 
being  used.  The  best  way  to  remove  moisture  is  to  heat 
the  tube  on  a  sand-bath  or  in  a  combustion  furnace,  and 


Fig.  61. 
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to  blow  dry  air  through  a  ghass  tube  tliat  reaches  to  the 
extreme  end  of  the  combustion  tube. 

The  liot  tube  should  be  closed  with  a  stopper  carr}^- 
ing  a  calcium  chloride  tube,  to  prevent  access  of  moisture. 


a  b 
Fig.  63. 

Organic  substances  are  oxidized  with  copper  oxide, 
lead  chromate,  or  oxygen.  In  the  case  of  difficultly  com- 
bustible substances,  and  those  tliat  contain  sulpliur,  the 
alkalies  or  alkaline  earths,  lead  chromate  must  be- used. 

Combustion  with  Copper  Oxide  or  Lead  Chromate  — 
The  granular  copper  oxide  must  bo  freed  from  water 
and. organic  matter,  previous  to  use,  by  ignition  in  a  cop- 
per crucible.  Place  tlie  copper  oxide  while  still  warm,  in 
a  dry  flask,  Fig.  63,  and  stopper  witli  a  cork  provided  with 


a  calcium  chloride  tube;  these  precau- 
tions are  necessary  to  protect  the  oxide 
from  dust  and  moisture.  Preserve  lead 
chromate  in  a  similar  manner. 

The  substance  is  weighed  out  ex- 
actly as  given  on  "page  7.  If  the  sub- 
stance is  liquid,  weigh  it  in  the  bulb 
shown  in  Fig.  64. 

The  bulbs  may  be  filled  by  gently 
warming  over  a  flame,  immersing  the  tip 
in    the    liquid,    and  after   a  little  of 


"  "         the  latter  has  sucked  in,   again  heat- 

ing to  expel  the  air  and  fill  the  bulb  with   the  vapor 

*  Substances  containino-  sulphur  should  be  burned  with  lead  chro- 
mate instead  of  copper  oxide.  Asbestos  impreg-nated  with  lead  chro- 
mate, has  been  recommended. 
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of  the  substance.  On  again  immersing  the  tip  in  the  sub- 
stance, the  tube  will  be  entirely  tilled,  when  the  vapor  con- 
denses. Fuse  the  tip  together,  and  determine  the  gain  in 
weight. 

To  make  a  combustion,  fill  the  combustion  tube,  Fig.  62, 
up  to  a  with  granular  copper  oxide,  place  the  substance  in 
the  tube,  add  copper ^oxide  up  to  b  and  mix  it  with  the  sub- 
stance by  means  of  the  copper  wire  shown  in  Fig.  65.  Now 
fill  the  tube  from  b  to  c  with  copper  oxide  and  insert  a 
loose  plug  of  ignited  asbestos.  Tap  the  tube  on  the  table 
to  form  a  canal  for  the  passage  of  the  gases  formed,  place 
the  tube  in  the  combustion  furnace  and  connect  with  the 
absorption  apparatus. 


In  the  combustion  of  liquids,  scratch  the  tip  of  the  tube 
(Fig.  64)  with  a  file,  break  off  the  tip  and  slide  the  tube  and 
tip  down  into  the  partly  filled  combustion  tube.  In  the 
case  of  very  volatile  substances,  it  is  advisable  to  break  the 
bulb  after  placing  in  the  combustion  tube.  This  may 
be  done  by  shaking  the  tube,  or  by  gentle  heating.  Now 
heat  the  forward  part  of  the  tube,  c,  to  incipient  redness, 
and  gradually  heat  backward  toward  a,  so  that  a  large  layer 
of  the  copper  oxide  is  at  a  red  heat  before  the  substance  be- 
gins to  decompose.  Care  must  be  taken  that  the  decompo- 
sition does  not  proceed  too  rapidly,  as  the  combustion  may 
be  imperfect  and  a  portion  of  the  substance  be  volatilized 
before  decomposition.  The  condensation  of  water  on  the 
cool  end  of  the  tube  must  also  be  guarded  against;  if  any 
water  has  so  condensed,  it  may  be  driven  over  into  the 
U-tube  by  gently  warming  with  a  small  flame. 


Fig.  65. 
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When  the  entire  length  of  the  tube  in  the  furnace  is  at 
a  red  heat  and  no  more  bubbles  are  passing  over  into  the 
absorption  apparatus,  break  off  the  tip  d,  and  sweep  over 
all  the  carbon  dioxide  by  passing  pure  oxygen  through  the 
train.  Finally  remove  the  absorption  apparatus,  close  the 
ends  with  rubber  tubing  caps,  cool  and  weigh. 

In  the  analysis  of  compounds  which  contain  chlorine, 
bromine  or  iodine  in  addition  to  carbon,  hydrogen  and  oxy- 
gen, a  longer  combustion  tube  must  be  used.  Place  a  roll  of 
copper  or  silver  foil  in  the  end  of  the  tube  next  to  the  ab- 
sorption train;  the  foil  should  be  heated  to  a  red  heat  be- 
fore being  placed  in  the  tube.  Likewise  in  the  analysis  of 
nitrogenous  substances,  a  spiral  of  reduced  copper  gauze 
should  be  placed  in  the  same  end  of  the  tube. 

Combustion  in  a  Current  of  Oxygen:— Very  difficultly 
combustible  substances,  and  those  which  leave  a  residue  af- 
ter combustion  are  generally  burned  in  a  platinum  boat  in  a 
current  of  oxygen;  in  this  case,  it  is  preferable  to  absorb 
the  carbon  dioxide  in  2  U-tubes  filled  with  soda-lime.  In 
order  to  avoid  any  loss  of  moisture  which  might  be  volatil- 
ized by  the  heat  generated  when  the  carbon  dioxide  is  ab- 
sorbed by  the  soda-lime,  the  U-tubes  should  be  filled  but 
2/3  full  with  soda-lime  and  the  remainder  with  phosphorus 
pentoxide.  Separate  the  2  substances  by  wads  of  glass 
wool.    Use  a  combustion  tube  open  at  both  ends,  Pig,  66; 

a  b  c  d  e 


Fig.  65. 

place  the  roll  of  copper  gauze  at  b  c,  fill  the  part  d  e  with 
granular  copper  oxide,  and  stopper  loosely  with  asbestos. 
First  heat  the  tube  while  passing  a  current  of  oxygen,  to 
oxidize  the  copper  and  remove  all  moisture;  stopper  the 
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tube  with  corks,  one  of  which  is  provided  with  a  calcium 
chloride  tube,  and  allow  the  tube  to  cool. 

Remove  the  stopper  at  a,  and  the  roll  b  c,  place  the 
boat  containing  the  substance  between  c  and  d,  replace 
the  copper  gauge  and  connect  a  with  the  oxygen  gasome- 
ter. The  arrangement  of  the  apparatus  is  shown  in  Fig. 
67.  To  make  a  combustion,  first  heat  the  part  of  the  tube 
de  containing  the  copper  oxide,  then  the  part  b  c,  up  to 
red  heat,  then  gradually  increase  the  temperature  between 
c  and  d  by  lighting  the  burners  under  that  portion  of  the 
tube,  at  the  same  time  passing  a  current  of  oxygen. 

The  oxygen  must  be  perfectly  dry  and  free  from  car- 
bon dioxide.  Before  entering  the  combustion  tube,  it 
should,  therefore,  be  passed  through  the  train  f,  g,  h  and 
i.  Fig.  67,  filled  with  concentrated  potassium  hydroxide, 
paraice  stone  saturated  with  concentrated  sulphuric  acid, 
potassium  hj^droxide  in  sticks  and  calcium  chloride,  re- 
spectively. 

Determination  of  Nitrogen  : — The  method  is  based 
upon  the  fact  that  nitrogenous  organic  substances,  when 
ignited  with  an  alkaline  hydroxide,  form  alkaline  carbon- 
ate, while  die  hydrogen  of  the  hydroxide  unites  with  the 
nitrogen  to  form  ammonia. 

Use  a  mixture  of  1  part  sodium  hydroxide  and  2  parts 
soda-lime.  The  ammonia  is  absorbed  in  dilute  hydro- 
chloric acid  and  subsequently  precipitated  as  ammonium- 
platinic  chloride,  and  weighed.  The  ammonia  may  also 
be  absorbed  in  an  excess  of  standard  acid,  and  the  excess 
titrated  back  w^itli  standard  alkali. 

If,  for  example,  10  cc.  of  oxalic  acid  solution  contain- 
ing 0.6285  gram  H2C2O4  .  2H2O,  or  10  cc.  of  sulphuric 
acid  containing  0.4891  gram  of  H2SO4,  were  used,  this 
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amount  would  correspond  to  0.1401  gram  of  nitrogen. 

Varrentrap- Will's  apparatus,  Fig.  68,  or  Arendt- 
Knop's  apparatus,  Fig.  69,  may  be  used  to  absorb  the  am- 
monia. 


Fig.  68.  Fig.  69. 

The  latter  has  the  advantage  that  the  second  bulb  is 
a  safeguard  against  the  solution  sucking  back  into  the 
combustion  tube. 

If  the  ammonia  is  to  be  determined  volumetrically , 
Peligot's  absorption  apparatus,  Fig.  70,  is  especially  to  be 
recommended. 

For  the  ignition,  use  a  tube  of  difficultly  fusi- 
ble glass  about  40  cc.  long,  drawn  out  at  one  end  to  an  up- 
ward inclined  tapering  tip.  Fig  62.  Fill  the  rear  end  of 
the  tube  with  soda-lime*  for  about  10  cm.,  add  the  sub- 
stance, then  another  layer  of  soda-lime  about  10  cm.  in 
length,  and  mix  with  the  wire  shown  in  Fig  65.  Fill  the 
front  end  of  the  tube  with  a  layer  of  soda-lime  about  15 
cm.  long.  The  front  end  of  the  tube  should  have  a  vacant 
space  of  about  5  cm.  Close  the  tube  with  a  loose  plug  of 
ignited  asbestos,  and  form  a  canal  for  the  passage  of  the 
^    gas  by  tapping  on  the  table. 

Connect  the  tube  with  the    absorption  apparatus. 


*  The  soda-lime  should  contain  no  nitrous  acid,  and  it  should  pre- 
viously be  ignited. 
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First  hoat  the  front  layer  of  soda-lime,  and  then  gi'adually 
increase  the  temperature  towai'd  the  rear  end  of  tlie  tube. 

In  the  case  of  substances  having  a  high  content  of  ni- 
trogen, the  absorption  of  the  ammonia  may  be  so  sudden 
as  to  cause  the  solution  to  suck  back  into  the  combustion 
tube,  and  spoil  the  combustion.  Such  substances  should 
be  mixed  with  an  equal  amount  of  pulverized  sugar  ;  the 
ammonia  is  then  diluted  witli  the  products  of  decomposi- 
tion of  the  sugar  and  the  rate  of  absorption  moderated. 
The  forward  end  of  the  combustion  tube  should  not  be 


heated  too  strongly  as  there  is  danger  of  dissociating 
the  ammonia. 

When  the  combustion  is  finished,  break  the  tip  of  the 
combustion  tube  and  aspirate  air  through  the  tube  for  a 
short  time. 

To  determine  the  ammonia  gravimetrically,  rinse  the 
contents  of  the  absorption  apparatus  into  a  porcelain  dish 
and  proceed  as  given  on  page  109. 

194.43  parts  of  platinum  correspond  to  28,02  parts  of 
nitrogen. 


Fig.  70. 
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In  determining  nitrogen  in  fertilizers  which  contain 
potassium  nitrate,  the  method  suggested  by  John  Ruffle* 
is  to  be  recommended.  Ruffle  used  a  mixture  of  sodium 
thiosulphate  and  soda-lime,  instead  of  the  latter  alone, 
and  an  iron  tube,  instead  of  a  glass  tube.  Grind  together 
6  parts  by  weight  of  soda-lime  and  7  parts  by  weight  of 
crystallized  sodium  thiosulphate,  also  mix  1-1.5  grams  of 
the  substance  with  1  gram  of  a  mixture  of  equal  parts  of 
flowers  of  sulphur  and  pulverized  charcoal.  Fill  the  iron 
tube  as  follows  :  Place  about  5  grams  of  the  soda-lime  and 
thiosulphate  in  one  end  of  the  tube,  then  about  30  grams 
of  the  same  mixture  intimately  mixed  with  the  substance, 
then  a  layer  of  soda-lime  and  thiosulphate  and  finally  a 
layer  of  pure  soda-lime.  First  heat  the  soda-lime  to  red- 
ness, and  then  heat  the  remainder  of  the  tube.  After  ig- 
niting at  a  red  heat  for  10  minutes,  the  decomposition  is 
complete.  The  ammonia  is  absorbed  and  treated  as  given 
above. 

Absolute  determination  of  Nitrogen  : — This  method, 
originally  devised  by  Dumas,  is  executed  as  follows  :  Use 
a  combustion  tube  fused  together  at  one  end.  Fill  in 
about  10  cm.  of  coarsely  granular  magnesite,  then  an 
equal  amount  of  copper  oxide,  then  the  substance  mixed 
with  copper  oxide  and  finally  a  roll  of  copper  gauze  about 
20  cm.  long.  The  nitrogen  formed  during  the  combustion 
is  collected  on  a  pear-shaped  vessel,  Fig.  71  ;  the  latter  is 
provided  with  an  exit  tube  which  can  be  closed  with  a 
pinch-cock  during  the  combustion.  The  vessel  is  filled 
with  mercury  and  potassium  hydroxide  solution. 

Before  connecting  the  vessel  with  the  combustion 
tube,  heat  the  rear  layer  of  magnesite  to  expel  the  air. 


*  Jour.  Chem.  Soc,  1881.  p.  87. 
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When  all  the  air  has  been  expelled  (as  shown  by  collect- 
ing a  small  sample  in  a  test  tube  over  potassium  hydroxide), 
connect  the  apparatus,  allow  the  magnesite  to  cool  and  be- 
gin the  combustion  by  heating  the  copper  spiral  to  redness 
and  then  heating  the  portion  of  the  tube  containing  the 
substance. 

When  all  the  nitrogen  has  been  driven  over  by  again 
heating  the  magnesite,  transfer  the  gas  to  a  eudiometer 


Fig.  7i. 

for  measurement.  For  this  purpose,  place  in  the  tubulure 
of  the  holder,  a  tube  of  the  form  shown  in  Fig.  72,  and 
pour  in  sufficient  mercury  to  drive  tlie  potassium  hydrox- 
ide solution  above  the  rubber  tubing. 

Before  the  measured  volume  obtained  can  be  calcu- 
lated to  the  corresponding  weight,  the  gas  volume  must  be 
reduced  to  standard  conditions  of  temperature  and  pres- 
sure. 
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If  V  represents  the  unknown  volume  of  nitrogen  at 
0°C  and  760  mm.  jDressure, 
V  the  observed  volume, 
H  the  observed  barometric  height, 
h  the  height  of  the  mercury  in  the  eudiometer, 
t  the  temperature  of  the  nitrogen, 
f  the  tension  of  water  vapor  at  t°C,  and 


tig.  72. 

«the  coefficient  of  expansion  of  the  gas  (0.003665),  then, 

V(H— h— f) 

V  =^  

(]  +  «  t)760 

From  this  volume,  the  weight  of  the  nitrogen  may  be 
obtained  by  multiplying  by*  the  weight  of  1  cc.  of  nitro- 
gen, 0.001256. 

Instead  of  generating  carbon  dioxide  by  heating  mag- 
nesite,  it  is  preferable  to  generate  it  in  a  special  generator 


404  ANALYSIS  OF   ORGANIC  COMPOUNDS 

and  to  connect  the  latter  with  one  end  of  the  combustion 
tube.  In  this  case,  interpose  between  the  tube  and  the 
generator,  the  necessary  wash  bottles,  and  a  calcium 
chloride  tube  provided  with  a  stop-cock. 

[The  nitrogen  may  be  collected  in  a  Schiff's  azotome- 
ter,  in  which  it  may  be  measured  direct.  The  trouble- 
some transferring  of  the  nitrogen  to  a  measuring  tube,  is 
thus  avoided.  The  combustion  tube  should  be  sufficiently 
long  to  project  about  an  inch  and  a  half  at  each  end  of  the 
furnace  to  prevent  scorching  the  stoppers.  Fill  the  tube 
as  follows,  commencing  at  the  exit  end  of  the  tube  :  First 
insert  a  spiral  of  copper  gauze  about  2  cm.  long,  about  12 
cm.  from  the  end,  add  enough  coarse  copper  oxide  to  make 
a  layer  about  30  cm.  long,  and  then  insert  another  short 
plug  of  copper  gauze. "  The  substance  to  be  analyzed,  is 
now  added.  If  it  is  a  powder,  it  is  mixed  with  enough  fine 
copper  oxide  to  make  a  layer  about  10  cm.  long,  and  a 
short  plug  of  copper  gauze  is  then  added  ;  if  it  is  a  liquid, 
it  is  filled  into  a  glass  bulb,  Fig.  64,  then  placed  in  a  boat 
made  of  copper  foil,  and  shoved  into  the  tube.  Back  of  the 
substance,  there  is  placed  a  spiral  of  oxidized  copper 
gauze,  about  10  cm.  long.  In  the  exit  end  of  the  tube, 
place  a  spiral  of  reduced  copper  gauze,  about  10  cm.  long, 
to  reduce  any  oxides  of  nitrogen  that  might  be  formed 
during  tlie  combustion.  The  oxides  of  nitrogen,  being 
acid  in  nature,  would  be  absorbed  by  the  potassium  hy- 
droxide, and  lost  in  the  analysis.  The  spiral  may  be  re- 
duced as  follows  :  Place  about  1  cc.  of  meth3'l  alcohol  in  the 
bottom  of  a  test-tube  large  enough  to  receive  the  spiral ; 
the  spiral,  lield  b}^  crucible  tongs,  is  then  heated  to  glow- 
ing in  a  large,  somewliat  roaring  blast-flame,  and  then 
dropped  as  quickly  as  possible  into  the   test-tube.  The 
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dark  spiral  is  reduced  to  bright  metallic  copper,  while  vap- 
ors having  a  sharp,  pungent  odor,  which  frequently  ig- 
nite, are  formed.  After  a  few  minutes,  stopper  the  test- 
tube,  and  allow  the  spiral  to  cool. 

Connect  the  combustion  tube  with  the  azotometer 
(containing  1  :  IKOH)  on  one  end,  and  with  the  carbon 
dioxide  generator,  on  the  other  end,  and  pass  a  rather 
rapid  current  of  carbon  dioxide  through  the  train,  to  sweep 
out  all  the  air.  During  this  operation,  the  upper  stop-cock 
of  the  azotometer  should  be  open,  and  the  pear  as  low  as 
possible,  so  that  it  contains  the  most  of  the  potassium  hy- 
droxide solution.  After  a  rapid  current  of  carbon  dioxide 
has  been  passing  for  about  15  minutes,  the  burners  under 
the  copper  spiral  should  be  lighted  in  order  to  expel  any 
occluded  gas  (hydrogen).  Now  raise  the  pear  high  enough 
to  cause  the  potassium  hydroxide  solution  to  ascend  some- 
what above  the  stop-cock,  close  the  latter,  and  then  lower 
the  pear  as  far  as  possible.  When  the  air  in  tlie  train  has 
been  completely  replaced  by  carbon  dioxide,  only  a  mini- 
mum amount  of  liglit  foam  should  collect  over  the  potassium 
hydroxide  in  the  course  of  2  minutes.  Otherwise,  open  the 
stop-cock,  refill  with  potassium  hydroxide,  and  test  again. 

Now  heat  the  layer  of  coarse  copper  oxide  to  incipient 
redness,  heat  the  spiral  of  copper  back  of  the  substance, 
while  passing  a  slow  current  of  carbon  dioxide.  Tlie  com- 
bustion must  be  so  regulated  that  tlie  bubbles  of  gas  as- 
cend with  a  slow  regularity.  When  the  gas  no  longer 
collects,  as  shown  by  the  complete  absorption  of  the  gas 
bubbles  by  the  potassium  hydroxide  solution,  gradually 
turn  out  the  burners,  pass  a  rapid  current  of  carbon  diox- 
ide for  about  10  minutes,  close  the  pinch-cock  at  the  foot 
of  the  azotometer,  and  allow  the  latter  to  assume  the  tem- 
perature of  the  room. 
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The  calculation  of  the  analysis  is  rendered  very  sim- 
ple by  referring  to  the  table  in  the  back  of  the  book,  in 
which  the  weight  of  1  cc  of  moist  nitrogen  is  given  in  mil- 
ligrams, for  different  temperatures  and  pressures.  This 
modification  has  the  disadvantage  that  the  tension  of  con- 
centrated potassium  hydroxide  is  not  exactly  known,  and 
therefore  a  somewhat  arbitrary  correction  must  be  applied, 
for  strictly  accurate  work.  For  ordinary  work,  however, 
the  correction  may  be  neglected.] 
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The  distinction  between  Volumetric  Analysis  and 
Gravimetric  Analysis  has  been  indicated  in  the  Introduc- 
tion. The  determination  of  silver  by  means  of  a  standard 
solution  of  sodium  chloride,  devised  by  Gay-Lussac,  was 
the  first  volumetric  method.  Since  this  method  of  analy- 
sis requires  the  accurate  measurement  of  solutions,  it  is 
called  Volumetric  Analysis.  To  facilitate  calculations, 
normal  solutions  are  generally  used  ;  empirical  solutions 
are  used  only  when  the  strength  decreases  rapidly.  A 
normal  solution  contains  the  hydrogen  equivalent"^  of  the 

active  reagent,  expressed  in  grams,  in  a  liter. f  Thus, 

125.7 

normal  oxalic  acid  contains  — ^=  62.85  grams  of  crys- 
tallized acid  in  aliter :  normal  hydrochloric  acid,  36.37 

97.^2 

grams;  normal  sulphuric  acid,  — - —  =  48.91  grams;  nor- 
mal nitricacid,  62.89  drams  ;  normal  potassium  hydroxide, 
55.99  grams  ;  normal  sodium  thiosulphate,  247.62  grams  ; 
normal  iodine,  126.54  grams,  in  a  litei'. 

If  a  liter  of  the  solution  contains  1/10  of  the  equiva- 
lent, it  is  designated  tenth  normal,  if  1/100  of  tlie  equiva- 
lent, hundredth  normal,  etc. 

*  A  hydrog-en  equivalent  is  that  amount  which  brings  1  gram  of 
hydrogen  into  chemical  reaction,  either  directly  or  indirectly. 

t  [Since  the  ratio  between  hydrogen  and  oxygen  is  not  1:16,  but 
1:15,88.  and  since  0=16.  ih  at  present  adopted  as  the  standard,  it  would 
seem  more  logical  to  make  a  normal  solution  of  such  concentration  as 
to  contain  an  amount  of  the  substance  equivalent  to  8  grams  of  oxygen.] 
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As  above  mentioned,  in  volumetric  analysis  the 
quantity  of  the  substance  sought  is  determined  by  meas- 
uring the  volume  of  the  solution  required  to  transform  the 
substance  into  another  chemical  compound.  The  point  at 
which  the  action  is  complete  must  be  shown  by  certain 
phenomena,  generally  color  changes.  In  the  determina- 
tion of  alkalies  by  a  stcindard  acid,  the  end  of  the  reaction 
is  shown  by  the  indicator,  litmus  tincture,  changing  in 
color  from  red  to  violet.  In  other  methods,  other  color 
changes  appear.  The  accuracy  of  a  volumetric  method 
depends  in  part,  therefore,  upon  the  observation  of  color 
clianges  ;  the  more  suddenly  the  indicator  changes  color, 
the  more  accurate  must  be  the  results.  Volumetric 
methods  may  be  divided  into  the  following  groups. 

I. 

ANALYSIS  BY  SATURATION. 

To  this  class  belong  : 

1.  Alkalimetry.  Determination  of  alkalies  by  a 
standard  acid  ; 

2.  Acidimetry.  Determination  of  acids  by  a  standard 
alkali. 

Both  methods  depend  tipon  netitralization. 
IndicatOTS. 

Litmus  tincture  was  formerly  exclusively  tised  as  an 
indicator  in  neutralization.  The  use  of  litmus,  however, 
has  the  disadvantage  that  in  the  determination  of  the  alka- 
line carbonates,  the  carbon  dioxide  liberated  on  adding 
the  acid  changes  the  color  from  blue  to  violet,  so  that  it  is 
necessary  to  expel  the  carbon  dioxide  by  boiling.  A  ntim- 
ber   of  other  indicators  have    been   recommended  and 
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brought  into  use,  to  replace  litmus  tincture  ;  these  in- 
dicators possess  advantages  in  varying  degree.  However, 
as  litmus  is  still  much  in  use,  the  following  notes  on  its 
preparation  may  be  of  value.  In  preparing  the  tincture, 
use  the  commercial  cube  litmus.  Extract  the  litmus 
with  water,  filter  out  the  insoluble  matter,  add  ammon- 
ium chloride  to  the  filtrate  and  boil  as  long  as  moistened 
red  litmus  paper  is  turned  blue.  There  is  thus  obtained  a 
bluish  violet  liquid  which  is  changed  to  blue  by  th^  slightest 
amount  of  alkali,  and  red  by  the  slightest  amount  of  acid. 
The  tincture  cannot  be  preserved  in  closed  vessels,  as 
mould  forms  in  the  solution  ;  it  is  best  to  close  the  flask 
loosely  with  a  plug  of  cotton.  Among  the  other  substan- 
ces which  have  been  recommended  as  indicators  in  satura- 
tion analyses,  the  following  may  be  mentioned  : 

Phenolphthalein  : — This  substance  is  used  in  alco- 
holic solution  (1  :25).  If  a  drop  of  the  colorless  solution 
is  added  to  a  solution  of  a  fixed*  alkali,  the  solution  is 
colored  intensely  red  ;  the  solution  is  again  decolorized 
by  the  slightest  amount  of  free  (also  carbonic)  acid. 

Methyl  Orange  : — This  indicator  is  effected  but 
slightly  by  free  carbonic  acid,  so  that  it  may  be  used  in 
the  direct  titration  of  alkaline  carbonates,  without  boiling 
the  solution.  The  aqueous  yellow  solution  is  not  changed 
by  alkalies  ;  with  free  acids,  the  color  changes  to  red.  Use 
a  solution  containing  1  gram  of  methyl  orange  in  a  liter  ; 
about  4  drops  should  be  used  for  each  100  cc.  of  solu- 
tion. Methyl  orange  cannot  be  used  in  the  titration  of  al- 
kalies with  oxalic  acid. 

Corallin  : — The  aqueous  solution,  containing  with  hy- 
drochloric acid,  is  colored  red  by  alkalies. 


*  Phenolphthalein  cannot  be  used  to  titrate  ammoniacal  solutions. 
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Fluorescein  : — This  substance  is  of  especial  value  in 
the  titration  of  cloudy  or  colored  solutions.  Use  a  very 
dilute  alcoholic  solution,  and  add  sufficient  indicator  to 
the  solution  being  titrated  to  render  visible  the  green  fluor- 
escence. Free  acids  destroy  the  fluorescence  and  pro- 
duce a  yellow  color. 

Phenacetolin  : — Dissolves  in  alkaline  hydroxides  and 
forms  a  pale  yellow  colored  solution.  If  dissolved  in  alka- 
line carbonates,  an  intensely  red  color  is  produced. 

An  alcoholic  solution  is,  therefore,  suitable  as  an  indi- 
cator in  the  determination  of  alkaline  hydroxide  and  car- 
bonates in  admixture.  If  sufficient  phenacetolin  is  added 
to  a  solution  of  the  two  substances  to  color  it  a  pale  yel- 
low, and  the  solution  is  then  titrated  with  sulphuric  acid, 
the  color  changes  through  rose  color  to  a  deep  red  as 
soon  as  the  alkaline  hydroxide  is  neutralized  ;  a  further 
addition  of  acid  changes  the  color  to  a  golden  yellow. 
The  number  of  cubic  centimeters  of  acid  required  to  give 
the  first  coJor  change,  corresponds  to  the  amount  of  alka- 
line hydroxide  present,  and  the  remainder  to  the  alkaline 
carbonate  present. 

II. 

ANALYSIS  BY  OXIDATION  AND  REDUCTION. 

All  substances  which  can  be  reduced  to  a  definite 
lower  state  of  oxidation  by  a  reducing  agent  and  then  be 
reoxidized  to  tlie  higher  state  by  an  oxidizing  agent,  be- 
long to  this  class.  The  oxidizing  agent  is  used  in  the  form 
of  a  standard  solution,  and  the  amount  of  the  latter  used 
corresponds  to  the  amount  of  the  substance  oxidized. 
The  most  important  oxidizing  agents  are  Potassium  Per- 
manganate and  Iodine.    If  permanganate  is  used,  the  end 
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of  the  reaction  is  shown  by  the  red  color  of  the  solution, 
produced  by  a  slight  excess  of  the  reagent.  With  iodine, 
starch  solution  is  used  as -an  indicator  ;  the  slightest  ex- 
cess of  iodine  produces  the  blue  iodide  of  starch*. 

To  this  class  of  analysis  belongs,  for  example,  the  de- 
termination of  iron.  The  iron,  present  in  solution  in  the 
ferrous  condition,  is  oxidized  by  a  standard  solution  of  po- 
tassium permanganate.  From  the  amount  of  permangan- 
ate used,  the  content  of  iron  may  easily  be  calculated. 

III. 

ANALYSIS   BY  PRECIPITATION. 

Those  analyses  in  which  the  end  of  the  reaction  is 
shown  by  the  beginning  or  end  of  the  formation  of  a  pre- 
cipitate by  the  addition  of  the  reagent,  belong  to  this  class 
of  analysis.  Examples  of  this  class  are  :  the  determina- 
tion of  silver  with  a  standard  solution  of  sodium  chloride 
and  the  determination  of  phosphoric  acid  with  a  standard 
solution  of  uranium  acetate. 

Apparatas  Used  in  Volumetric  Analysis. 

As  mentioned  above,  volumetric  analysis  depends 
upon  the  measurement  of  volumes  of  liquids,  while  gravi- 
metric analysis  depends  upon  the  determination  of  the 
weight  of  solids.  The  manner  of  substituting  the  former 
for  the  latter,  is  very  simple.  If,  for  example,  1  gram  of 
a  salt  is  dissolved  in  10  parts  by  volume  of  water,  and  1 
part  of  this  solution  is  measured  from  a  burette,  this  1 
part  will  contain  1/10  gram  of  the  salt.    If  1  gram  of  a 

*  As  starch  solution  soon  spoils,  a  small  amount  should  be  prepared 
shortly  before  use.    Make  a  paste  of  a  piece  of  starch  the  size  of  a  bean 
in  1-2  cc.  of  cold  water,  and  pour  into  about  300  cc.  of  boiJng  water.  If 
the  solution  is  boiled  for  a  few  minutes,  it  becomes  transparent  and  need' 
not  be  filtered. 
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salt  is  dissolved  in  1000  volumes  of  water,  1  volume  of 
this  solution  will  contain  1/1000  gram  of  the  salt.  If  the 
solution  is  made  more  dilute,  e.g.  by  dissolving  1  gram 
of  the  salt  in  10,000  or  100,000  volumes,  portions  of  the 
salt  far  too  small  to  be  weighed,  can  be  determined. 


Fis.  7.i.  Fig.  74. 

Tlie  replacement  of  weighing  by  measurement  of  vol- 
umes presupposes  a  system  of  weights  and  measures  in 
Avliich  the  unit  mass  and  unit  volume  have  a  simple  rela- 
tionship ;  this  is  the  case  in  the  Metric  Sj^stem. 

To  prepare  a  liter  flask  such  as  is  used  in  making  up 
standard  solutions,  weigh  1  kilogram  of  boiled,  distilled 
water  at  4.°C.  in  a  narrow  necked  flask  and  mark  the  bot- 
tom of  the  meniscus  on  the  glass  with  a  diamond.  If  the 
flask  and  water  are  now  taken  to  a  room  in  which  the  tem- 
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perature  is  about  16. °C.,  the  water  gradually  warms  and 
expands,  so  that  the  level  of  the  liquid  rises  above  the 
mark. 

It  is  self-evident,  that  if  the  liter  flask  is  filled  with 
water  at  16. °C.,  the  weight  of  the  quantity  of  water  is  not 
1  kilogram,  but  considerably  less.  The  expansion  of  wa- 
ter must,  therefore,  be  considered  in  marking  the  flask. 
If  the  volume  of  1  gram  of  water  at  4.°C  is  placed  =  1, 
then  the  volume  at 

•    12°C.  =  1.000456 

13  "   =  1.000570  . 

14  "   =  1.000703 

15  1.000847 

16  "  1.000997 

17  =  1.001162 

18  =  1.001339 

19  =  1.001527 

20  "   =  1.001731 

1000  cc.  of  water  at  4°C.  expand  to  1001.16  cc.  when 
warmed  to  17°C.,  and  to  1001.73  cc,  when  warmed  to 
20"C. 

In  preparing  a  liter  flask,  therefore,  it  is 
preferable  to  use  water  at  16°C.,  rather  than 
water  at  4°C.  as  the  error  due  to  differences  in 
temperature  in  different  rooms  will  be  smaller. 
The  flask  must  have  a  rather  narrow  neck  so  as 
to  avoid  magnifying  the  error  of  reading ; 
furthermore,  there  must  be  sufficient  room 
between  the  stopper  and  the  mark,  to  allow  mix- 
ing. The  exact  position  of  the  meniscus  may 
be  determined  by  holding  it  on  a  level  with  the 
eye. 

Besides  the  liter  flask,  flasks  of  500,  250,  200,  100  and 
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50  grams,  are  used.  The  use  of  graduated  mixing  cylin- 
ders is  less  desirable,  since  the  error  of  reading  is  too 
great. 

The  solutions  used  in  analysis  are  generally  measured 
in  burettes.    The  pinch-cock  barette,  first  constructed  by 


Fig.  76. 

Mohr,  is  shown  in  Fig.  73.  On  account  of  the  rubber 
connection,  however,  Mohr's  burette  cannot  be  used  for 
potassium  permanganate  or  iodine.  Geissler  modified 
Mohr's  burette,  as  shown  in  Fig.  74.  This  form  is  un- 
doubtedly preferable  to  all  other  forms. 
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In  a  narrow  tube,  the  surface  of  a  liquid  assumes  a 
concave  form,  the  appearance  of  which  depends  upon 
whether  it  is  seen  against  a  light  or  a  dark  background. 

Various  means  may  be  used  for  determining  the  low- 
est point  of  the  meniscus.  The  sharpest  reading  can  be 
obtained  by  clamping  a  strip  of  black  paper  upon  a  larger 
sheet  of  w^hite  paper,  and  then  holding  the  black  strip  just 
below  the  bottom  of  the  meniscus. 

To  facilitate  reading  burettes,  Erdmann  has  contrived 
the  float  shown  in  Fig.  75  ;  the  lower  part  of  the  float  is 
filled  with  mercur}'. 

There  is  a  fine  mark  around  tlie  float,  to  indicate  the 
position  of  the  liquid.  In  using  the  float,  the  surface  of  the 
liquid  is  not  observed,  but  only  the  position  of  the  mark 
on  the  float.  Since  the  position  of  the  mark,  with  respect 
to  the  surface  of  the  liquid,  always  remains  the  same, 
correct  readings  are  obtained.  Before  making  a  titration, 
lower  the  mark  to  zero. 

Instruments  which  serve  to  remove  a  definite  por- 
tion of  the  liquid  from  anotlier  vessel,  by  the  aid  of  suction, 
are  called  pipettes.  Pipettes  generally  have  2  marks, 
between  which  their  volume  is  contained.  100,  50,  25, 
20,  10  and  5  cc,  are  the  sizes  most  used.  Fig.  76 
shows  a  pipette  stand  with  an  assortment  of  pipettes. 
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DETERMINATION  OF  ALKALIES. 

The  determination  of  alkaline  liydr oxides  and  carbon- 
ates by  means  of  a  standard  acid,  is  called  Alkalimetry. 
Alkalimetry  may  also  be  extended  to  include  the  deter- 
mination of  the  alkaline  earth  hydroxides  and  carbonates, 
and  also  magnesia.  The  principle  of  alkalimetry  has  been 
pointed  out  in  the  Introduction  ;  a  standard  acid  is  added 
to  the  solution  of  a  weighed  sample  of  the  substance,  until 
neutralization  ensues.  The  neutralization  point  is  shown 
by  an  indicator  (see  above). 

Either  oxalic,  hydrochloric,  sulphuric  or  nitric  acid 
may  be  used  in  the  preparation  of  the  normal  acid.  As 
oxalic  and  sulphuric  acids  form  difficultly  soluble  com- 
pounds with  barium,  strontium^and  calcium,  they  are  not 
as  suitable  as  hydrochloric  or  nitric  acid. 

Normal  Oxalic  Acid  : — Crystallized  oxalic  acid  has 
the  formula,  H2C2O4  +  2H2O;  its  equivalent  weight  is, 
125.7 

therefore,  — —  =  62.85.    Weigh  out  62.85  grams  of  pure, 

crystallized  oxalic  acid,  transfer  to  a  liter  flask  and  dis- 
solve in  about  500  cc.  of  water.  When  the  acid  is  in  solu- 
tion, fill  the  flask  nearly  to  the  mark,  adjust  the  tempera- 
ture to  that  at  which  the  flask  was  calibrated  and  then  add 
water  until  the  bottom  of  the  meniscus  coincides  with  the 
mark. 

Normal  hydrochloric  acid  must  contain  36.37  grams 
of  HCl  in  a  liter.    Use  the  pure  acid  and  dilute  it  with  the 
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necessary  amount  of  water.    To  determine  the  content  of 

H. Cl  in  the  ordinary  acid,  determine  the  Sp.  Gr.  or  degrees 
Beaume  of  the  aqueous  acid,  if,  for  example,  the  acid  has 
a  Sp.  Gr.  of  1.108,  (corresponding  to  14°  Beaume),  the  con- 
tent of  HCl  is  21.5  per  cent.  Therefore,  to  prepare  1  liter 
of  normal  hydrochloric  acid,  152.6*  cc.  of  acid  must  be  di- 
lated with  847.4  cc.  of  water. 

To  prepare  normal  nitric  acid,  62.89  grams  per  liter, 

97.82 

or  normal  sulphuric  acid,  — ^ — =48.81  grams  per  liter, 

proceed  in  a  similar  manner.  In  every  case,  it  is  neces- 
sary to  determine  the  concentration  of  the  acid  by  a  spec- 
ial experiment.  Pure  sodium  carbonate  is  generally  used 
for  this  purpose,  and  may  be  obtained  by  gently  heating 
the  bicarbonate.  Dissolve  a  weighed  sample  of  the  pure 
sodium  carbonate  in  water,  and  ascertain  how  much  of 
the  acid  is  necessary  to  neutralize  it.  If,  for  example,  hy- 
drochloric acid  is  being  titrated,  1000  cc.  of  it,  winch  con- 
tain 36.37  grams  of  HCl,  must  correspond  to  52.925  grams 
of  sodium  carbonate.  Suppose  1.056  grams  of  sodium  car- 
bonate were  taken  ;  if  the  acid  is  normal,  52.925:1000  -— 

I.  056  :  X,  =  19.95  cc.  would  be  required.  If  19  cc,  in- 
stead of  19.95  cc,  were  used  in  the  titration,  and  the 
amount  of  solution  still  in  the  flask  is  940  cc,  the  latter 
must  be  diluted  with  water  to  (19  :19.95  940  :  x,  =) 
987cc 

In  the  execution  and  calculations  of  alkalimetric  de- 
terminations, it  should  be  remembered  that, 

100 

*   :  21.5  =  X  :  36.37.  x  =  152.6. 

1.108 


418 


VOLUMETRIC  ANALYSIS 


1  Equivalent  of  Potassium  Oxide  =47.01  grams, 
1  Potassium  Carbonate  =  68.955  grams, 

1        "  "   Sodium  Carbonate  =  52.925  grams, 

1        ^'  "    Ammonia  =  17.01  grams. 

If  4.701  grams  of  potassium  oxide  are  weighed  out, 
100  cc.  of  normal  acid  will  be  required  to  neutralize  it. 
If  the  potassium  oxide  used  was  not  pure,  the  number  of 
cubic  centimeters  of  acid  used  expresses  tlie  content  of 
K2O.  K2O  is  capable  of  existence  only  in  combination 
with  water,  as  KOH  ;  if  an  amount  of  KOH  equivalent  to 
K2O  (4.701)  is  weighed  out,  each  cubic  centimeter  of  acid 
used  corresponds  to  1  per  cent,  of  K2O. 

If  the  equivalent  of  potassium  hydroxide  is  weighed 
out,  the  number  of  cubic  centimeters  of  normal  acid  used, 
expresses  the  percentage  of  KOH  in  the  sample. 

1  equivalent  of  sodium  carbonate,  52.925  grams,  re- 
quires, e.g.,  1  equivalent  of  oxalic  acid,  62.85  grams  ; 
5.298  gr/iras  of  sodium  carbonate  would  require  100  cc.  of 
normal  oxalic  acid,  and  each  cubic  centimeter  would  rep- 
resent 1  per  cent,  of  pure  sodium  carbonate.  From  this 
it  is  seen  that  by  weighing  out  an  equivalent  w^eight  of 
the  substance  to  be  analyzed,  the  calculation  is  very  much 
simplified. 

With  hygroscopic  substance,  e.  g.,  potassium  carbon- 
ate, and  those  which  absorb  carbon  dioxide  from  the  air, 
e.  g.,  posassium  hydroxide,  and  sodium  hydroxide,  and 
also  in  the  analysis  of  solutions,  it  is  neither  practicable 
nor  advisable  to  weigh  out  definite  amounts.  In  such 
cases,  weigh  out  an  arbitrary  amount  of  the  substance , 
and  titrate. 

If  S  represents  the  number  of  cubic  centimeters  of 
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normal  acid  used",  e.  g.,  in  the  determination  of  the 

amount  of  KOH  in  commercial  caustic  potash, 

1000  :55.Sr9  =  S  :  x. 

55.99  S 

X  =  grams  KOH. 

1000 

If  A  represents  the  weight  of  the  sample  used,  then 

55.99  S 
A:  =  100:X, 

1000 

5.599  S 

and  X  =  per  cent.  KOH. 

A 

The  determination  of  caustic  alkalies  by  means  of  an 
acid  of  known  strength,  is  a  very  simple  operation  ;  it  is 
simply  necessary  to  add  an  indicator,  e.  g.,  litmus  tinct- 
ure, and  then  add  acid  until  the  blue  color  changes  to 
violet  red.  In  titrating  alkaline  carbonates,  the  liberated  car- 
bon dioxide  produces  a  color  change  in  the  indicator  simi- 
lar to  the  end  reaction,  unless  methyl  orange  is  used  as 
indicator.  In  the  determination  of  alkaline  carbonates,  it 
is,  preferable,  therefore,  to  add  an  excess  of  normal  acid, 
boil  to  expel  the  carbon  dioxide,  and  then  titrate  back 
with  normal  alkali.  Mohr  used  sodium  hydroxide*  for 
this  purpose.  Since,  however,  it  is  not  possible  to  prepare 
sodium  or  potassium  hydroxide  entirely  free  from  carbon 
ate,t  there  is  not  much  gained  in  so  doing. 

If  the  normal  potassium  hydroxide  is  to  be  equivalent 
to  the  normal  acid,  it  must  contain  55.99  grams  of  KOH 
per  liter.  1  cc.  of  the  solution  then  corresponds  to  1  cc.  of 
normal  acid.    An  approximately  normal  solution  is  pre- 

*  Potassium  hydroxide  is  preferable  to  sodium  hydroxide,  since  the 
latter  strongly  attacks  glass. 

t  [Compare  preparation  of  sodium  hydroxide  free  from  carbonate, 
(Garrigues'  Method)  p.  300.] 
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pared  by  dissolving  55.99  grams  of  purified  KOH  in  1  liter 
of  water,  and  titrating  against  the  normal  acid,  as  given 
above. 

Standard  ammonium  hydroxide  is  far  preferable  to 
sodium  or  potassium  hydroxide,  as  it  may  easily  be  pre- 
pared free  from  carbonate,  and  does  not  attract  carbon  di- 
oxide from  the  air.  As  concentrated  ammonium  hydrox- 
ide continually  gives  off  ammonia,  normal  solutions  can 
not  be  prepared.  It  is  preferable,  therefore,  to  prepare  a 
very  dilute  ammonium  hydroxide  solution,  and  then  deter- 
mine its  relation  to  the  normal  acid  by  a  special  experi- 
ment. An  ammonium  hydroxide  solution  of  Sp.  Gr.  .9932 
(1.6  percent.  NHs).  changes  but  slightly  in  well-closed 
bottles.  Of  course,  the  titration  must  be  made  in  a  cold 
solution. 

In  the  determination  of  caustic  alkalies  in  the  pres- 
ence of  alkaline  carbonates,  first  determine  the  amount  of 
normal  acid  necessary  to  saturate  the  total  alkali  present, 
in  one  sample,  and  then  boil  the  solution  of  a  second 
sample  witli  barium  chloride.  Dilute  the  solution  to  a 
definite  volume,  allow  the  precipitate  of  barium  crrbonate 
to  settle,  pipette  out  a  sample  and  determine  the  caustic 
alkali  with  normal  acid  (see  below).  The  precipitate  of 
barium  carbonate  may  also  be  filtered  out  and  titrated  with 
normal  nitric  or  hydrochloric  acid  (see  below). 

By  using  phenacetolin  as  indicator,  caustic  alkali  and 
alkaline  carbonate,  may  be  determineo  in  the  same  solu- 
tion. 

To  determine  bicarbonates,  add  barium  or  calcium 
chloride  to  the  solution,  and  titrate  the  precipitated  bar- 
ium or  calcium  carbonate,  as  given  above. 

Determination  of  Carbon  Dioxide  in  Soluble  Carbon- 
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ates  : — The  determination  of  the  alkalies  is  also  a  deter- 
mination of  carbon  dioxide.  If  t  cubic  centimeters  of  nor- 
mal oxalic  acid  were  used  in  rreutralizing  a  quantity  A  of 
a  carbonate,  since  1000  cc.  =62.85  grams  of  oxalic  acid, 
and  this  amount  corresponds  to  21.945  grams  of  carbon 
dioxide,  the  following  is  obtained  : 

1000  :  21.945  =t  :  y  ; 
21.945  t 

y  =  

1000 

21.945  t 

A  :  =  100  :  X  ; 

1000 

2.1945  t 

X  —  . 

A 

To  determine  the  carbon  dioxide  in  a  mixture  of  solu- 
ble carbonates  and  bicarbonates,  precipitate  with  barium 
or  calcium  chloride  and  titrate  with  normal  nitric  or  hy- 
drochloric acid. 

If  a  is  the  amount  of  nitric  acid  in  1  cc.  t,  the  num- 
ber of  cc.  of  acid  used,  then 

HNO3  :  CO2 

62.89  :  21:945  =at  :y 

21.945  a  t 

y  =  

62.89 

21.945  a  t 

A  :  =  100  :  x 

62.89 

100.  21.945  at 

X  ^  per  cent.  CO2. 

62.89  A 

For  the  analysis  of  carbonates  which  contain  an  in- 
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definite  amount  of  carbon  dioxide,  e.  g.,  zinc  carbonate, 
copper  carbonate,  lead  carbonate,  dolomite,  etc.,  Mohr 
recommends  the  following  method  :  Decompose  the  com- 
pound with  an  acid,  absorb  the  evolved  carbon  dioxide  in 
ammonium  hydroxide  in  a  suitable  apparatus,  add  barium 
or  calcium  chloride  and  then  determine  the  carbon  dioxide 
in  the  precipitate,  with  normal  nitric  or  hydrochloric  acid. 
It  is  much  simpler  and  better,  how^ever,  to  determine  the 
carbon  dioxide  by  determining  the  loss  which  the  carbon- 
ate suffers  when  treated  with  an  acid. 

Determination  of  Free  Carbon  Dioxide  absorbed  in 
Water,  and  of  Carbon  Dioxide  in  Mineral  Waters  : — Fill 
an  accurately  calibrated  pipette,  of  about  500  cc.  capacity, 
with  the  water,  transfer  to  an  ammoniacal  solution  of 
barium  chloride,  and  rinse  out  the  pipette  with  distilled 
water.  Filter  out  the  precipitate  of  barium  carbonate, 
wash  with  water,  and  titrate  with  norma]  nitric  or  hydro- 
chloric acid. 

Determination  of  the  Alkaline  Earths  : — To  determine 
the  amount  of  barium  in  a  water,  first  determine  the 
specific  gravity  of  the  solution,  draw  off  a  few  cc.  with  a 
pipette,  add  an  indicator  and  titrate  with  normal  hy- 
drochloric or  nitric  acid. 

To  determine  barium  in  its  soluble  salts,  dissolve 
a  weighed  sample  in  w^ater,  add  ammonium  hydroxide 
and  ammonium  carbonate  and  heat  to  boiling.  Filter  out 
the  precipitate  of  barium  carbonate  and  wash  with  hot 
water  by  decantation,  until  the  filtrate  does  not  show  an 
alkaline  reaction.  Suspend  the  precipitate  in  water  and 
titrate  with  normal  acid. 

1  Eq.  of  nitric  acid  HNOs,  =  62.89  grams,  corresponds 
to  1  Eq.  of  BaO,  =  76.41  grams;  or,  1  Eq.  of  BaCOs, 
=  98.355  grams. 
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If  t  represents  the  number  of  cubic  centimeters  of  nor- 
mal nitric  acid  used,  and  a  the  amount  of  HNO3,  in  1  cc, 
then  the  following  proportion  is  obtained,  e.g.,  for  barium 
carbonate  : 

62.89  :  98.355  =  a  t :  x. 
The  determination  of  strontium  and  calcium  is  simi- 
lar to  that  of  barium. 


ACIDIMETRY. 

DETERMINATION   OF  ACIDS. 

Acids  and  acid-reacting  salts  may  be  determined  by 
titration  with  an  alkali  of  known  concentration.  Add  an 
indicator  to  the  solution  of  a  weighed  sample  (see  Alka- 
limetry), and  titrate  with  a  normal  alkali,  to  the  end  reac- 
tion. Normal  potassium  or  ammonium  hydroxide  may 
be  used.  The  necessary  directions  for  the  preparation  of 
the  standard  solutions  have  been  given  above. 

If 

M,  represents  the  equivalent  weight  of  the  acid  be- 
ing determined, 

A,  the  weight  of  acid  taken  for  analysis, 

t,  the  number  of  cc.  of  normal  ammonium  hy- 
droxide used  in  the  titration,  and 

a,  the  amount  of  NHs  in  1  cc, 

then 

17.01  :  M  =  a  t  :  y  ; 

M  .  a  t 

V  =  . 

17.01 

M  .  a  t 

A  :  =  100  :  X  ; 

17.01 

100  .  M  .  a  t 

X  =■■  ,  per  cent  of  acid. 

17.01  A 

The  following  acids  and  acid-reacting  salts,  may  be 
determined  according  to  the  above  principles  : 
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M. 

Sulphuric  Acid,  H2SO4,        .        .        .  48.91 

Sulphuric  Anhydride,  SO3,       .        .  39.93 

Potassium  Acid  Sulphate,  KHSO4,        .  135.85 

Sodium  Acid  Sulphate,  NaHS04,      .  119.82 

Hydrochloric  Acid,  HCl,      .        .        .  36.37 

Hydrobromic  Acid,  HBr,         .        .  80,76 

Hydriodic  Acid,  HI,     ...       .  127.54 

Hydrofluoric  Acid,  HF,  .        .  20.06 

Nitric  Acid,  HNO:.,  .  .        .  62.89 

Acetic  Acid,  HC2H3O2,  .  .       .  50.88 

Oxalic  Acid  (crystcdlized) ,  H2C2O4  +  2H2O,  62.85 

Potassium  Acid  Oxalate,  KHC204-hH20,  145.77 

Tartaric  Acid  (crystallized) ,  C4H4O6,  74.82 

Potassium  Acid  Tartrate,  KHC4H4O6,  187.67 

Citric  Acid,  HsCeHsOv,     .       .       .  63.84 


If  several  samples  are  to  be  determined,  it  is  simpler 
to  determine  the  specific  gravity  of  the  acid,  and  then 
multiply  by  the  number  of  cubic  centimeters  of  acid  used, 
than  to  weigh  each  sample. 

In  analyzing  crude,  colored  vinegars,  it  is  not  advis- 
able to  add  the  indicator,  as  the  color  change  is  not  read- 
ily apparent ;  it  is  preferable  to  first  gradually  add  the  al- 
kali, and  then  to  transfer  a  drop  of  the  liquid  to  the  indi- 
cator*. If  the  vinegar  is  very  much  colored,  it  is  advis- 
able to  add  at  once  an  excess  of  normal  barium  hydrox- 
ide and  then  titrate  the  excess  with  hydrochloric  acid. 

In  testing  crude  cream  of  tartar,  the  solution  assumes 
a  green  color,  instead  of  violet,  if  litmus  is  used  as  indica- 
tor. 

Since  cream  of  tartar  is  difficultly  soluble,  the  solu- 
tion must  either  be  heated  for  some  time  after  assuming  the 
green  color,  or  the  solution  must  be  heated  before  titra- 
tion. 

*  In  this  case,  use  red  litmus  paper  for  the  indicator. 
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Determination  of  Potassium  as  Potassium  Acid  Tar- 
trate : — Dissolve  a  weighed  sample  of  the  potassium  salt 
in  water,  add  a  solution  of  sodium  acid  tartrate  and  evap- 
orate to  dryness  on  the  water-bath.  Add  dilute  alcohol 
to  the  residue,  filter  off  the  residue  of  potassium  acid  tar- 
trate, wash  it  with  ice  cold  water  and  then  dissolve  in  hot 
water.    Titrate  with  a  normal  alkali. 

Determination  of  Potassium  or  Sodium  as  Fluosili- 
cate  : — If  an  excess  of  fluosilicic  acid  is  added  to  the  solution 
of  a  potassium  or  sodium  salt,  and  1/3  the  volume  of  alco- 
hol added,  all  the  potassium  or  sodium  is  precipitated  as 
fluosilicate  : 

2IvCl  -h  H2SiF6  =  K2SiF6  +  2HC1 
2NaCl  +  H2SiF6  =  Na2SiF6  +  2HC1 
Wash  the  precipitate  with  alcohol,  to  remove  the  free 
acid,  suspend  the  precipitate  and  filter  in  water,  add  an 
indicator  and  titrate  with  a  normal  alkali.  If  t  cubic  cen- 
timeters of  normal  alkali  were  used,  (e.  g.,  with  potas- 
sium), then 

39.03 

K=  1000  :    t  :  x; 

2 

47.01 

K2O  =  1000  :   =  t  :  X. 

2 


ANALYSIS  BY  OXIDAllON  AND  REDUCTION. 


The  principles  upon  which  oxidation  and  reduction 
analyses  are  based,  are  as  follows  : 

1.  Elements  which  are  oxidizable  to  a  higher  state  of 
oxidation,  can  be  titrated  by  an  oxidizing  solution  of 
known  concentration. 

2.  Elements  which  are  reducible,  are  reduced  by  a 
known  excess  of  a  reducing  solution,  and  the  excess  then 
titrated  with  an  oxidizing  solution. 

The  oxidizing  solutions  most  frequently  used,  are  : 
Potassium  Permanganate,  Iodine,  Potassium  Bichromate 
and  Potassium  Ferricyanide.  The  common  reducing  solu- 
tions are  :  Sodium  Thiosulphate,*  Arsenous  Acid,  So- 
dium Arsenite,  Ferrous  Salts,  and  Stannous  Chloride. 
When  potassium  permanganate  is  used,  the  end  of  the  re- 
action is  shown  by  the  intense  reddish  violet  color  produced 
by  the  slightest  excess  of  tlie  reagent.  The  end  reaction 
with  iodine  solution,  is  the  blue  color  of  iodide  of  starch, 
produced  by  the  slightest  excess  of  iodine  in  the  presence 
of  starch.  By  suitably  using  the  above  oxidizing  and  re- 
ducing reagents,  many  groups  of  methods  may  be  derived, 
of  which  the  following  are  the  most  important  : 

Potassium  Permanganate  and  Ferrous  Salts, 

Iodine  and  Sodium  Thiosulphate,  and 

Iodine  and  Sodium  Arsenite. 

Potassium  Permanganate  and  Ferrous  Salts. 

The  use  of  potassium  permanganate  in  volumetric  an- 
*  Bunsen  used  sulphurous  acid. 
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alysis  depends  upon  the  fact  that  the  permanganic  acid 
gives  up  5/7  of  its  oxygen  to  easily  oxidizable  substances, 
being  itself  reduced  to  a  manganous  salt : 

K2MD2O8  +  10FeSO4  +  8H2SO4  =  5Fe2(S04)3  +  K2SO4 
+  2MnS04  +  8H2O. 

If  a  solution  of  potassium  permanganate  is  added  to  a 
solution  of  an  oxidizable  substance,  the  color  of  the  per- 
manganate disappears  as  long  as  oxidation  takes  place. 
As  soon  as  the  oxidation  is  complete,  the  slightest  excess 
of  permanganate  gives  a  violet  color  to  the  solution. 

The  substances  which  can  be  determined  by  potassium 
permanganate,  are  mostly  metals  having  2  degrees  of  oxi- 
dation, of  which  the  lower  can  be  oxidized  to  the  higher 
by  permanganate  (FeO  to  Fe203 ;  CU2O  to  CuO  ;  MnO  to 
Mn02,  etc.) .  The  amount  of  permanganate  used  is  thus  a 
measure  of  the  oxygen  required  to  oxidize  the  metal  from 
the  lower  to  the  higlier  state  of  oxidation.  Knowing  the 
amount  of  permanganate  used,  it  is  easy  to  compute  the 
amount  of  the  lower  oxide.  Since  the  permanganate  is  re- 
duced to  manganous  oxide,  free  acid  must  always  be  pres- 
ent to  form  a  manganous  salt.  In  making  a  titration,  no 
substances,  which  reduce  permanganate,  other  than  the 
substance  being  determined,  should  be  present.  Among 
the  substances  which  decompose  permanganate,  may  be 
mentioned:  free  alkalies,  hydrochloric  acid  in  more  than  a 
very  small  amount,  nitric  acid,  sulphur  dioxide,  hydro- 
gen sulphide,  organic  acids,  and  other  organic  substances. 

Since  potassium  permanganate  slowly  decomposes  in 
solution,  it  is  necessary  to  determine  the  strength  of  the 
solution,  from  time  to  time.  The  purer  the  salt  from 
which  the  solution  is  prepared,  the  slower  does  it  decom- 
pose, provided  the  solution  is  preserved  in  a  closely  stop- 
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pered  flask.  Use  the  commercial  crystallized  salt,  purify  it 
by  recrystallization,  and  dissolve  5  grams  of  the  salt  in  1 
liter  of  pure,  distilled  water.  .  For  standardizing  the  solu- 
tion, the  following  substances  are  suitable: 

1.  Metallic  Iron, 

2.  Ferrous-Ammonium  Sulphate, 

3.  Oxalic  Acid. 

Standardization  with  Iron: — Very  fine,  soft  piano- 
forte wire  is  the  best  form  to  use,  and  the  iron  value  must 
be  determined  by  accurate  analysis.  Dissolve  0.2-0.25 
gram  is  dilute  sulphuric  acid,  while  passing  a  current  of 
carbon  dioxide  through  the  liquid  to  prevent  oxidation  by 
the  air.  When  all  of  the  iron  is  m  solution,  add  potassium 
permanganate  from  a  burette,  until  the  end  reaction  ap- 
pears. 

As  seen  from  the  above  equation,  10  Eq.  of  iron  corres- 
pond to  1  Eq.  of  permanganic  acid,  or  279.4  parts  of  iron 
=  110.66  parts  permanganic  acid.  From  this,  it  is  easy  to 
compute  how  much  iron  corresponds  to  1  cc.  of  potassium 
permanganate. 

Instead  of  using  piano-forte  wire,  it  is  preferable  to  use 
pure,  metallic  iron.  Dissolve  about  1  gram  of  ferrous-am- 
monium sulphate,  or  iron  alum,  in  a  little  water,  add  potas- 
sium oxalate  until  the  solution  is  red  (with  ferrous  salt),  or 
green  (with  ferric  salt),  then  heat  and  add  4-5  grams  of  am- 
monium oxalate. 

Dilute  the  solution  to  200-250  cc,  and  precipitate  the 
iron  by  electrolysis.  For  this  purpose,  a  current  of  about 
1  amp.*  is  sufficient.  After  1-2  hours,  break  the  circuit, 
pour  out  the  solution  at  once,  and  wash  the  iron  adhering 
to  the  platinum  dish,  first  with  cold  water  and  then  with 

*  See  foot  note,  p.  1. 
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absolute  alcohol.  Dry  in  the  air-bath  at  80-90°  C.  for  a 
few  minutes,  and  weigh.  Add  dilute  sulphuric  acid  to 
the  dish,  and  at  once  add  a  little  sodium  carbonate,  to 
prevent  the  oxidation  of  the  iron*.  Now  add  concentrated 
sulphuric  acid  until  the  liquid  heats  up,  and  the  iron  com- 
pletely dissolves.    Titrate  the  hot  solution. 

Standardization  with  Ferrous-Ammonium  Sulphate  : — 
Mohr  recommends  ferrous-ammonium  sulphate,  instead  of 
pure  iron  or  oxalic  acid,  for  standardizing  permanganate. 
Since,  however,  the  crystals  of  the  salt  are  liable  to  have 
inclusions  of  hygroscopic  water,  this  substance  is  not  to  be 
recommended.    The  salt  has  the  composition, 

FeS04.  (NH4)2S04+6H20, 
and  contains  1/7  of  its  weight  of  iron.    If,  therefore,  the 
weight  of  salt  taken  is  divided  by  7,  the  amount  of  iron 
corresponding  to  the  number  of  cc.  of  permanganate  used, 
is  obtained. 

Standardization  with  Oxalic  Acid  : — Oxalic  Acid  is 
oxidized  by  i)otassium  permanganate  to  carbon  dioxide 
and  water  : 

2KMnO4  +  5H2C2O4  +  3H2SO4=K2SO4  +  2MnSO4  +  10CO2 

+  8H2O. 

Normal  oxalic  acid  may  be  used,  or  an  arbitrary 
amount  of  crystallized  oxalic  acid  may  be  dissolved  in 
water ;  add  sufficient  sulphuric  acid  to  the  solution  to 
warm  it,  and  then  add  potassium  permanganate  from  the 
burette.  At  first,  no  change  in  the  color  of  the  perman- 
ganate will  be  noticed,  but  the  reaction  gradually  begins, 
and  the  red  color  disappears.    The  reaction  is  more  rapid, 

*  [It  is  preferable  to  deposit  the  iron  on  a  cylindrical  electrode,  as 
described  in  the  electrolytic  determination  of  copper,  under  Chalcopy- 
rite;  the  cylinder  can  then  be  trensferred  to  a  flask,  and  the  iron  dis- 
solved in  an  atmosphere  of  carbon  dioxide.] 


VOLUMETRIC  ANALYSIS 


431 


if  considerable  oxalic  acid  is  used  ;  finally,  the  character- 
istic pink  color  of  the  end  reaction,  remains  permanent. 

W.  Hampe  has  recommended  anhydrous  oxalic  acid 
for  standardizing  permanganate,  as  it  can  easily  be  pre- 
served in  a  pure  state.  To  prepare  the  anhydrous  acid, 
dry  the  pure,  crystallized  acid  for  considerable  time  at 
100°  C,  and  sublime  small  portions  in  a  platinum  dish, 
condensing  the  oxalic  acid  in  a  beaker.  The  sublimed 
acid  crystallizes  in  needles,  having  the  luster  of  silk.  Re- 
move the  sublimate  from  time  to  time,  and  preserve  in  a 
bottle  having  a  ground-glass  stopper,  as  the  acid  is  very 
hygroscopic. 

In  calculating  the  strength  of  the  permanganate,  it 
should  be  remembered  that,  62.85  grams  of  crystallized 
oxalic  acid  (H2C2O4 .  2H-20)  correspond  to  35.91  grams  of 
the  anhydrous  acid  (H2C2O4),  or  to  55.88  grams  of  iron. 

Applications  of  Potassium  Permanganate.* 

CALCIUM. 

Calcium  may  be  determined  volumetrically  as  fol- 
lows :  Add  ammonium  hydroxide  to  the  solution  con- 
taining calcium,  until  alkaline,  precipitate  the  calcium 
with  a  known  excess  of  normal  oxalic  acid,  filter  out  the 
precipitate  of  calcium  oxalate,  and  determine  the  excess  of 
oxalic  acid  in  the  filtrate  with  permanganate.  The  washed 
calcium  oxalate  may  also  be  dissolved  in  Iwdrochloi'ic  acid 
and  the  oxalic  acid  then  titrated.    In  the  latter  case,  man- 

*  The  determination  of  iron  in  minerals,  mang-anese  dioxide  in 
pyrolusite,  manganese  in  iron  ores,  and  of  organic  matter,  has  been 
given  in  various  places.  See:  Siderite,  Pvrolusite,  and  analvsis  of 
Well  Water. 
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ganous  sulphate  must  be  added,  to  prevent  the  action  of 
hydrochloric  acid  on  permanganate.  See  page  111, 
note  t- 

1  Eq.  of  Oxalic  Acid  corresponds  to  1  Eq.  of  Calcium. 

LEAD. 

Lead  may  be  determined  in  a  manner  analogous  to 
that  of  calcium.  Add  a  measured  excess  of  normal  oxalic 
acid  to  the  solution  containing  lead,  add  ammonium  hy- 
droxide, filter,  and  titrate  the  oxalic  acid  in  the  filtrate 
with  permanganate. 

POTASSIUM  FERROCYANIDE. 

If  potassium  permanganate  is  added  to  a  hydrochloric 
acid  solution  of  potassium  ferrocyanide,  the  latter  is  oxi- 
dixed  to  ferricyanide  : 

10K4Fe  (CN)6  +  2KMn04  -h  16HC1  =  10K3Fe(CN)6  +  12KC1 
+  2MnCl2-f-  8H2O. 

Dissolve  the  potassium  ferrocyanide  in  water,  dilute 
until  there  is  about  0.1  gram  of  the  salt  in  100  cc.  of  solu- 
tion, and  acidify  strongly  with  hydrochloric  acid.  Titrate 
with  permanganate,  while  stirring.  It  is  best  to  use  a 
dish  of  white  porcelain.  On  adding  the  hydrochloric 
acid,  the  solution  becomes  cloudy  ^nd  has  a  slight  bluish 
tint.  The  potassium  ferricyanide  formed,  has  a  yellow- 
ish green  color,  which  makes  the  color  of  the  permangan- 
ate somewhat  uncertain. 

From  the  volume  of  permanganate  used,  first  compute 
the  equivalent  amount  of  metallic  iron,  and  from  that  the 
amount  of  potassium  ferrocyanide. 

1  Eq.  of  iron  corresponds  to  1  Eq.  of  potassium  ferro- 
cyanide . 

If  the  solution  contains  other  substances  which  react 
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with  permanganate,  add  ferric  chloride  to  the  acidified 
solution,  filter,  and  wash  the  precipitate.  Decompose  the 
precipitate  with  potassium  hydroxide,  avoiding  an  excess; 
acidify  the  solution  with  hydrochloric  acid,  and  then 
titrate  with  permanganate. 

NITRIC  ACID. 

Heat  a  sample  of  the  nitrate  with  a  known  excess  of 
metallic  iron,  and  hydrochloric  acid.  The  iron  dissolves 
to  form  ferrous  chloride,  and  a  portion  is  oxidized  by  the 
nitrate  to  ferric  chloride  : 

6FeCl2  +  2HNO3  +  6HC1  =  3Fe2C]6  -f  2N0  ^  4H2O. 
The  excess  of  ferrous  chloride  may  be  titrated  with 
permanganate. 

HYDROGEN   SULPHIDE  . 

If  water  containing  hydrogen  sulphide,  is  added  to  a 
solution  of  ferric  chloride,  sulphur  is  precipitated,  and  an 
amount  of  ferrous  chloride  equivalent  to  the  hydrogen  sul- 
phide, is  formed  : 

Fe2Cl6  +  H2S  =  2FeGl2  +  2HC1  -f  S. 

The  amount  of  ferrous  chloride  formed  may  be  deter- 
mined with  permanganate. - 

CHROMIC  ACID. 

Chromic  acid  reacts  with  ferrous  salts,  in  acid  solu- 
tion, to  form  the  corresponding  ferric  salt  and  chromic 
salt : 

2Cr03  +  6FeO  +  I2H2SO4  -  Cr2(S04)3  +  3Fe2(S04)3 
-h  I2H2O. 

Therefore,  if  a  weighed  excess  of  a  ferrous  salt  (e.  g. 
ferrous-ammonium  sulphate)  is  added  to  a  solution  con- 
taining chromic  acid,  6  Eq.  of  ferrous  iron  will  be  oxi- 
dized, for  each  2  Eq.  of  chromic  acid  present.    The  excess 
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of  ferrous  iron  may  be  titrated  with  permanganate. 

DETERMINATION    OF     FERRIC   SALTS    WITH  STANNOUS 
CHLORIDE. 

The  determination  is  based  upon  the  following  reac- 
tion between  ferric  chloride  and  stannous  chloride  : 
Fe2Cl6  +  SnCl2  =  SnCU  +  2FeCl2. 

The  determination  may  be  made  either  by  adding  ex- 
actly enough  stannous  chloride  for  the  reduction,  or  by  add- 
ing an  excess  of  sta:mous  chloride,  and  then  titrating  the 
excess  with  iodine  solution  : 

SnCl2  +  21  +  2HC1  =  SnCh.+  2HI. 

By  adding  starch  solution  before  making  the  titration, 
the  blue  iodide  of  starch  color  will  appear  when  the  stan- 
nous chloride  has  becm  oxidized  to  stannic  chloride. 

The  following  solutions  are  necessary  for  the  titra- 
tion : 

1.  A  solution  of  ferric  chloride  of  definite  strength. 
It  is  prepared  by  dissolving  10  grams  of  pure  iron  in  hy- 
drochloric acid,  and  then  oxidizing  the  ferrous  iron  with 
powdered  potassium  cldorate.  Boil  the  solution  until  all 
the  chlorine  is  expelled  ;  cool,  and  dilute  to  1  liter. 

Instead  of  the  iron,  a  corresponding  amount  of  pure 
ferric  oxide*  may  be  dissolved  in  hydrochloric  acid,  and 
diluted  to  1  liter. 

A  weighed  amount  of  ferrous-ammonium  sulphate 
may  also  be  used,  and  the  solution  oxidized  with  hydro- 
gen peroxide.  Expel  the  excess  of  the  latter,  by  heating 
the  solution. 

2.  Dissolve  about  15  grams  of  tin  in  hydrochloric 
acid,  and  dilute  to  1  liter. 


*  Obtained  by  igniting-  ferrous  oxalate. 
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3.  A  solution  of  iodine  in  potassium  iodide.  Tliis  is 
prepared  by  dissolving  about  5  grams  of  iodine  in  potas- 
sium iodide,  and  diluting  to  IJiter. 

Determine  the  relation  of  the  stannous  chloride 
to  the  iodine  as  follows  :  Measure  out  about  2  cc.  of 
the  stannous  chloride  solution,  add  a  few  drops  of 
starch  solution  and  then  add  iodine  from  a  burette  until 
the  solution  becomes  blue.  Note  the  number  of  cc.  of 
iodine  used. 

To  determine  the  relation  between  the  stannous  chlo- 
ride solution  and  the  ferric  chloride  solution,  measure  out 
10  cc.  of  the  latter  in  a  small  flask,  add  a  little  hydro- 
chloric acid,  heat  to  boiling  and  add  stannous  chloride  un- 
til the  yellow  color  of  the  ferric  chloride  has  disappeared. 
Cool  the  solution  in  a  current  of  carbon  dioxide,  add  starch 
solution,  and  titrate  the  excess  of  stannous  chloride  with 
iodine. 

Since  the  relation  of  the  stannous  chloride  to  the 
iodine  has  previously  been  determined,  the  amount  of  stan- 
nous chloride  used  in  reducing  the  ferric  chloride  may  be 
obtained  by  subtracting  from  the  volume  of  stannous 
chloride  used,  the  volume  of  stannous  cliloride  ecjuivalent 
to  the  volume  of  iodine  used. 

The  use  of  iodine  may  be  avoided,  as  follows  :  Trans- 
fer the  solution  to  be  reduced  to  a  large  flask,  and  add  an  ex- 
cess of  hydrochloric  acid  (about  25  cc.  of  acid  to  each  10 
cc.  of  the  solution).  Heat  to  boiling,  and  add  the  stan- 
nous chloride,  drop  by^  drop,  until  the  solution  is  decolor- 
ized. 

As  stannous  chloride  slowly  oxidizes,  the  strength 
must  always  be  determined  before  using.  To  protect  the 
solution  from  oxidation,  place  a  layer  of  petroleum  about 
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1  cm.  thick  on  the  surface  (Mohr).  A  convenient  flask 
in  which  to  preserve  the  solution,  is  shown  in  Fig.  77. 

Stannous  chloride  may  be  protected  from  oxidation  by 


Fig.  77. 


connecting  a  tube  filled  with  pumice  stone  saturated  with 
potassium  pyrogallate,  with  the  upper  opening  in  the 
flask.  The  flask  may  also  be  connected  with  a  tap  on  the 
gas  main. 


SODIUM  THIOSUPHATE  AND  IODINE. 

Crystallized  sodium  thiosulphate  has  the  composition 
Na2S203+5H20.  When  a  solution  of  iodine  in  potassium 
iodide  is  added  to  a  solution  of  sodium  thiosulphate,  the 
latter  is  oxidized  to  sodium  tetrathionate  : 

2Na2S203  +  L>  =  Na2S406  +  2NaL 

The  yellow  color  of  the  iodine  disappears  at  once 
when  added  to  the  thiosulphate.  If  starch  solution*  has 
previously  been  added,  the  solution  remains  colorless  un- 
til all  of  the  thiosulphate  has  been  oxidized  to  tetrathionate. 
When  the  reaction  is  complete,  one  drop  of  iodine  in  ex- 
cess produces  the  blue  color. 

Preparation  of  the  Sodium  Thiosulphate  Solution  :  — 
Since  1  molecule  of  sodium  thiosulphate  is  equivalent  to  1 
atom  of  iodine,  to  prepare  an  N/10  solution,  dissolve  24.76 
grams  of  pure,  crystallized  sodium  thiosulphate  in  1  liter 
of  water. 

Preparation  of  the  Iodine  Solution  : — To  prepare  an 
N/10  solution  of  iodine,  dissolve  12.654  grams  of  pure, 
dry  iodine  in  a  strong  solution  of  about  20  grams  of  potas- 
sium iodide  (free  from  iodate)  ,  and  dilute  1  liter. 

First  test  the  sodium  thiosulphate  against  the  iodine, 
by  measuring  out  10-20  cc.  of  the  former,  adding  starch 
solution,  and  then  adding  iodine,  drop  by  drop,  until  the 
solution  becomes  blue  ;  1  cc.  of  the  iodine  solution  must 
correspond  to  1  cc.  of  the  thiosulphate  solution. 

The  thiosulphate  must  be  standardized  each  time  be- 


*  See  note  on  p.  4:11. 
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fore  using.  For  this  purpose,  use  pure  iodine,  or  pure 
potassium  bichromate. 

Weigh  out  a  quautity  of  iodine,  in  a  closely  stoppered 
bottle  (see  page  7),  and  dissolve  in  a  solution  of  potassium 
iodide  (1:10).  Add  enough  of  the  sodium  thiosulphate 
to  decolorize  the  iodine.  Titrate  the  excess  of  thiosul- 
phate, with  iodine,  as  usual. 


Fig.  78. 

The  standardization  of  the  thiosulphate  solution  with 
potassium  bichromate  is  based  upon  the  fact  that  the  latter 
salt,  when  boiled  with  concentrated  hydrochloric  acid, 
liberates  6  atoms  of  chlorine,  and  that  the  6  atoms  of 
chlorine  liberate  an  equal  number  of  iodine  atoms  from 
potassium  iodide  : 

K2Cr207  +  14HC1  =  6C1  -f  Cr.^Cle  +  2KC1  +  imO 
6KI+  6C1  =  61  +  6KC1. 

294.68  grains  of  KsCr^O?,  therefore,  correspond  to 
759.24  grams  of  iodine,  and  1  atom  of  iodine  (126.54)  cor- 
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responds  to  one  molecule  of  sodium  thiosulphate  (247.6). 

To  make  the  titration,  use  the  apparatus  devised  by 
Bunsen,  Fig.  78. 

a  is  a  small  flask  of  about  50  cc.  capacity,  which  is 
connected  with  the  pipette-shaped  tube  b,  for  carrying  the 
vapors  over  into  c.  The  tube  b  is  drawn  out  to  a  small 
opening  and  bent  upward,  at  its  lower  end.    The  retort  c 


is  filled  1/3  full  with  potassium  iodine  solution  (1  :10). 

Place  the  weighed  sample  of  the  pulverized  and  dried 
potassium  bichromate  (about  .05  gram)  in  the  flask  a,  flil 
the  latter  about  2/3  full  witli  concentrated  hydrochloric 
acid,  quickly  connect  a  with  1),  and  introduce  the  tube  b 
into  c.  When  the  flask  is  warmed,  the  evolution  of  chlo- 
rine begins,  and  after  boiling  for  a  few  minutes  (about  1/3 
of  the  liquid  must  be  distilled  over),  all  the  chlorine  will 
be  expelled.    Now  hold  the  tube  b  with  the  left  hand  and 
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remove  it  from  the  liquid  in  the  flask,  while  heating  the 
flask  a  with  the  right  hand.  When  the  contents  of  the  re- 
tort are  cool,  rinse  the  liciaid  into  a  beaker,  add  a  meas- 
ured excess  of  sodium  thiosulphate  and  titrate  the  excess 
with  iodine. 

It  is  now  only  necessary  to  determine  the  relation  be- 
tween the  iodine  and  the  sodium  thiosulphate,  to  obtain 
the  actual  amount  of  sodium  thiosulphate. 

For  the  distillation,  Mohr  used  the  apparatus  shown 
in  Fig.  79. 

.  Immerse  tlie  tube  carrying  the  vapors  into  a  glass 
tube  32-34  cm.  long  and  2.5-3  cm.  wide,  partly  filled  with 
potassium  iodide  ;  the  tube,  containing  the  potassium 
iodide  should  stand  in  a  larger  cylinder  filled  with  water. 
The  stopper  at  a,  should  be  inserted  loosely. 

When  the  distillation  is  ended,  grasp  the  tube  at  a, 
and  quickly  remove  from  the  solution. 

Applications  of  the  Method, 

SODIUM  THIOSULPHATE. 

With  an  iodine  solution  of  known  concentration,  it  is 
a  simple  matter  to  determine  the  amount  of  sodium  thio- 
sulphate in  a  sample  of  impure  sodium  thiosulphate,  or  in 
a  solution  of  this  salt  of  any  concentration. 

If  a  represents  the  amount  of  iodine  in  1  cc.  of  the 
iodine  solution,  and  t  the  number  of  cc.  of  iodine  solution 
used,  then 

21  :  2Na2S203  =  a  t :  x. 

IODINE. 

Instead  of  titrating  sodium  thiosulphate  with  iodine, 
the  reverse   process  may  be  used,  using  a  solution  of 
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thiosiilphate  which  has  been  standardized  against  potas- 
sium bichromate  or  iodine. 

If  t  cc.  of  the  solution"  were  used  and  if  1  cc.  corre- 
sponds to  a  grams  of  iodine,  the  sample  contains  a  t  grams 
of  iodine. 

If  A  grams  of  the  substance  were  used  for  analysis, 
the  percentage  content  of  iodine,  therefore,  is 

100  a  t 

A 

CHLORINE. 

To  determine  the  content  of  free  chlorine  in  a  solu- 
tion, pour  a  measured  quantity  of  it  into  an  excess  Of  pot- 
assium iodide  solution  ;  an  equivalent  amount  of  iodine 
is  liberated.  Now  add  starch  solution,  and  titrate  until 
the  blue  color  disappears,  or  add  an  excess  of  thiosulphate 
and  then  titrate  the  excess  with  standard  iodine. 

2Na2S203 :  2C1      a  t :  X 

CI 

X  -=   a  t. 

I 

BROMINE. 

Pass  the  bromine  into  potassium  iodide  solution,  and 
proceed  as  given  above. 

CHLORINE   AND  IODINE. 

To  determine  chlorine  and  iodine  in  a  mixture,  or  in 
a  compound,  measure  out  2  equal  volumes  of  the  solution. 
Decolorize  one  half  with  sulphui'ic  dioxide,  and  precipitate 
with  silver  nitrate. 

Let  A  represent  the  weight  of  the  precipitate  of  silver 
chloride  and  silver  iodide. 
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In  the  other  half  of  the  solution,  determine  with 
thiosulphate  the  amount  of  iodine,  a  t,  which  is  equiva- 
lent to  the  chlorine  and  iodine. 

From  the  2  experiments,  the  following  equations 
are  obtaineo  : 

AgCl  Agl 

 x+  y=A   (1) 

CI  I 

I 

— -  X  +  y  =  a  t  (2) 

CI 

Agl 

A  a  t 

I 

x=   (8) 

AgCl  Agl 

CI  I 

The  preceding  method  is  not  applicable,  if  the  solu- 
tion contains  compounds  of  chlorine  other  than  the  one  be- 
ing determined. 

It  is  more  convenient  to  precipitate  the  iodine  as  pal- 
ladous  iodide,  in  one  half  of  the  solution,  and  then  ignite 
to  metallic  palladium  (p)  : 

Pd  :  I2  =  p  :  y 

I2 

y=  p- 

Pd 

If  this  value  for  y  is  substituted  in  equation  (2) 
above,  the  following  is  obtained  : 

I  J2 

 X  H  p  =  a  t. 

CI  Pd 

From  which, 
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at-  

Pd 


CI 


or 


Ci  CI2 

X  =   at  p. 

I  Pd 

CHLORINE  AND  BROMINE. 

To  determine  chlorine  and  bromine,  dissolve  the  sam- 
ple in  potassium  iodide  solution,  and  titrate  the  liberated 
iodine  with  thiosulphate. 

If  X  =  the  quantity  of  bromine,  and 
y  =  the  quantity  of  chlorine, 


then, 


X  +  y  A 

I  I 

X  H  y  =  a  t 


Br  CI 


a  t 


CI 

X  =   


I  I 


Br  CI 

DETERMINATION  OF  CHLORITES  AND  HYPOCHLORITES. 

Hypochlorous  acid,  when  treated  with  hydrochloric 
acid  and  potassium  iodide,  liberates  4  atoms  of  iodine  : 
CI2O  +  2HC1  +  4KI  =  4KC1  +  41  -f  B2O. 

Chlorous  acid,  under  the  same  conditions,  liberates  8 
atoms  of  iodine  : 


VOLUMETRIC  ANALYSIS 


CI2O3  +  6HC1  +  SKI  =  8KC1  +  81  +  3H2O 

To  make  the  determination,  dissolve  the  salts  in  wa- 
ter, add  potassium  iodide,  and  then  add  hydrochloric  acid 
to  acid  reaction. 

If  A  represents  the  weight  of  the  sample  taken,  and  t 
cc.  of  thiosulphate  solution  were  used,  of  which  each  cc. 
==  a  grams  of  iodine,  then 

100  CI2O 

 at,  —  per  cent,  hypochlorous  acid,  and 


4  I  .  A 

100  ChOs 


a  t,  =  per  cent,  chlorous  acid. 


8  I  .  A 

The  same  method  is  also  applicable  to  the  technical 
valuation  of  chloride  of  lime.    If  enough  of  a  solution  of 

chloride  of  lime  is  used  to  correspond  to  the  weight  -^^^^^^ 

the  quantity  a  t  gives  the  content  of  chlorine  in  per  cent*. 


*  The  active  (bleaching)  constituent  of  chloride  of  lime  is  calcium 
hypochlorite,  Ca(OCl)2.  The  bleaching-  eflfect  depends  upon  the  fact  that 
this  compound,  when  treated  with  hydrochloric  acid,  liberates  chlorine: 
Ca(OCl)2  -I-  4HC1  =  Ca  Cl^  -\-  2  B^O  -h  4CL 

The  valuation  of  chloride  of  lime  therefore  consists  in  the  determi- 
nation of  the  liberated  chlorine;  the  valuation  of  chloride  of  lime  may 
also  be  based  upon  the  equation  given  above  under  Hypochlorous  Acid, 
by  determining  the  equivalent  amount  of  iodine  liberated  by  the  chlor- 
ine. 

The  calculation  is  given  in  the  following  proportions: 
CI 

41:4  CI  =  a  t :  X  :  X  =  —  a  t.  parts  bv  weight  of  active  chlorine  in 
I 

CI  100  01 

A  grams  of  the  substance.     A  :  a  t  =  100  :  X  :  X  =  a  t,  per  cent. 

I  I.  A 

of  active  chlorine. 

100  CI 

From  the  last  formula,  it  follows  that  the  quantity  A  =  ■ —  must 

I 

be  weighed  out,  so  that,  as  indicated  above,  the  per  cent,  of  active  chlor- 
ine shall  be  obtained  direct  from  the  quantity  a  t. 
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CHROMATES. 

As  mentioned  on  page  438,  chromates,  when  boiled 
with  an  excess  of  concentrated  "hydrochloric  acid,  evolve  a 
definite  amount  of  chlorine.  If  the  chlorine  is  passed  into 
a  solution  of  potassium  iodide,  an  equivalent  amount  of 
iodine  is  liberated,  and  may  be  titrated  with  thiosulphate. 
The  amount  of  chromic  acid  in  the  sample  A,  is  obtained 
from  the  equation  : 

2Cr03 

X  -=  a  t, 

6  I 

or,  in  per  cent. , 

200  CrOs 

X  =   a  t. 

A  .  6  I 

If  A  is  made  equal  to  200  CrOs    .  • 

^  — ^i-^  ,  1.  e.,  II  this  amount 

D  J 

is  weighed  out  for  analysis,  the  quantity  a  t  gives  the  per 
cent,  of  chromic  acid  direct.  In  a  similar  manner,  a  t 
will  give  the  per  cent,  of  potassium  bichromate  or  lead 
chromate,  if 

100  K2Cr207 

A  =   ,  or 

61 

200  PbCr04 

A  =  

61 

is  weighed  out  for  analysis. 

CHLORATES. 

Proceed  as  given  above.  The  amount  of  cliloric  acid, 
X,  contained  in  t  grams  of  the  chlorate,  is 

100  CI2O5 

X  =  a  t. 

A  .  12  I 
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LEAD  DIOXIDE. 

Since  lead  dioxide  reacts  Avith  hydrochloric  acid  as  fol- 
lows : 

Pb02  +  4HC1  .=  PbCl2  -1-  2C1  +  2H2O, 

2  atoms  of  chlorine  =  2  atoms  of  iodine  =  1  molecule  of 

lead  dioxide  =  2  Eq.  of  oxygen.  Therefore, 

100  Pb02 

X  —  a  t, 

A  .  2  I 

or,  in  per  cent,  of  oxygen, 

100  0 

X  =  a  t. 

A  .  2  I 

MANGANESE  DIOXIDE. 

Manganese  dioxide,  when  boiled  with  hydrochloric 
acid,  decomposes  in  a  manner  similar  to  lead  dioxide. 
The  amount  of  manganese  dioxide  in  a  sample  A,  there- 
fore, is, 

100  Mn02 

x  ==  a  t. 

A  .  21 

In  a  similar  manner,  silver  peroxide,  manganic  oxide, 
(Mn203  -h  6HC1  =  2MnC]2  ^  2C1  -h  3H2O),  trimanganese 
tetroxide  (Mn304  -f  8HC1  =  SMnCb  +  2C1 -f  4H2O),  etc., 
may  be  determined. 

lODATES. 

When  iodic  acid  or  an  iodate  is  distilled  wdth  an  ex- 
cess of  concentrated  hydrochloric  acid,  10  atoms  of  chlo- 
rine and  2  atoms  of  iodine  are  liberated  : 

2HIO3  +  10HC1-2I  +  lOCl  +  6H2O. 
X  is  therefore  equal  to, 
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100  HIO3 

 a  t. 

A  .  12  I 

COPPER 

When  potassium  iodine  is  added  to  a  cupric  salt,  cu- 
prous iodine  is  precipitated,  and  an  amount  of  iodine  equal 
to  that  in  the  precipitate,  is  liberated  : 

2CuS04  +  4KI^  Cu2^l2  +  21  +  2K2SO4. 

The  liberated  iodine  may  be  titrated  with  sodium  thio- 
sulphate. 

HYDROGEN  SULPHIDE. 

When  iodine  is  added  to  a  solution  containing  hydro- 
gen sulphide,  liydriodic  acid  is  formed,  and  sulphur  is 
liberated  : 

H2S  +  21  =2HI  +  S. 
If  starch  solution  is  added  to  a  solution  containing 
hydrogen  sulphide,  and  iodine  solution  then  added,  the 
blue  color  of  iodide  of  starch  appears,  when  the  above 
reaction  is  complete.  The  method  gives  good  results  only 
when  the  amount  of  hydrogen  sulphide  is  below  .04  per 
cent.  If  more  h3^drogen  sulphide  is  present,  the  solution 
must  be  diluted  with  a  suitable  amount  of  boiled  water. 
1  cc.  N/10  iodine  solution  =  .001699  gram  H2S. 


SODIUM  ARSENITE  AND  IODINE. 


CHLORIMETRY. 

Iodine  does  not  react  with  arsenous  acid,  but  does  re- 
act with  sodium  arsenite,  forming  sodium  arsenate  and 
hydriodic  acid  : 

NasAsOs  +  21  -f  H2O  =  Na3As04  +  2HI. 

The  liberated  hydriodic  acid,  however,  reacts  with 
the  sodium  arsenite,  forming  arsenous  acid.  Since  the 
latter  is  not  oxidized  to  arsenic  acid  by  iodine,  the  reac- 
tion between  arsenite  and  iodine  cannot  take  place  in  a 
neutral  solution.  Sufficient  sodium  bicarbonate  must  be 
added  to  form  sodium  iodide  with  the  hydriodic  acid. 
When  starch  solution  is  added  to  the  alkaline  sodium 
arsenite,  and  iodine  is  added,  the  blue  color  of  iodide  of 
starch  appears  as  soon  as  the  sodium  arsenite  as  oxidized 
to  sodium  arsenate. 

Preparation  of  N/10  Sodium  Arsenite: — Dissolve 
4.942  grams  of  pure  sublimed  arsenous  acid  (AS2O3) ,  in  a  lit- 
tle water  containing  about  10  grams  of  sodium  bicarbon- 
ate, and  dilute  to  1  liter. 

Preparation  of  N/100  Iodine  : — If  10  cc.  of  the  iodine 
solution  are  to  correspond  to  1  cc.  of  the  sodium  arsenite 
solution,  dissolve  1.2654  grams  of  iodine  in  a  strong 
solution  of  potassium  iodide,  and  dilute  to  1  liter. 

As  it  is  difficult  to  prepare  pure  and  dry  iodine,  the 
iodine  solution  must  be  standardized.  Measure  out  5-10 
cc.  of  the  sodium  arsenite,  add  starch  solution  and  ascer- 
tain how  many  cc.  of  iodine  are  necessary  for  the  oxida- 
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tion.  If,  for  example,  10  cc.  of  sodium  arsenite  were 
used,  and  98  cc.  of  iodine  were  necessary  for  the  oxida- 
tion, the  proportion, 

10 

98  :  10  =  1:   , 


show^s  that  1  cc.  of  the  iodine  corresponds  to  ^  cc.  of 
the  sodium  arsenite. 


Applications  of  the  Method. 

ARSENOUS  ACID. 

Dissolve  the  acid  in  a  hot  solution  of  an  excess  of 
sodium  bicarbonate,  cool,  add  starch  solution,  and  titrate 
to  the  blue  color  with  iodine.  If  a  represents  the  amount 
of  iodine  in  1  cc.  of  the  iodine  solution,  and  t  the  number 
of  cc.  of  the  solution  used,  then, 

AS2O3 
I  :  ^  a  t :  X. 

To  determine  the  amount  of  AS2O3  in  commercial 
realgar  and  orpimeiit,  dissolve  a  weighed  sample  in  an  ex- 
cess of  sodium  bicarbonate,  acidify  with  acetic  acid,  heat 
until  the  odor  of  hydrogen  sulphide  cannot  be  detected, 
and  filter  out  the  arsenic  sulphide.  Add  an  excess  of  sod- 
ium bicarbonate,  cool  and  titrate  with  iodine. 

IODINE. 

Dissolve  in  potassium  iodide  and  titrate  with  sodium 
thiosulphate.    See  preceding  method. 
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AS2O3 

  :  I  =  a  t  :  X 

4 

BROMINE. 

Bromine  reacts  with  sodium  arsenite  in  the  same  man- 
ner as  iodine.  A  weighed  sample  of  bromine  may,  there- 
fore, be  reduced  with  a  measured  excess  of  sodium  arsenite, 
and  the  excess  of  the  latter  titrated  with  iodine. 

CHLORINE. 

To  determine  the  content  of  chlorine  in  chlorine-water, 
add  a  measured  amount  of  the  water  to  a  measured  excess 
of  sodium  arsenite,  add  starch  solution  and  titrate  the  ex- 
cess of  arsenite  with  iodine.  Subtract  the  excess  from  the 
total  amount  used.  Then, 

AS2O3 

  :  CI  =  a  t  :  X. 

4 

HYPOCHLOROUS  ACID.     CHLORIDE  OF  LIME. 
EAU  DE  JAVELLE. 

Commercial  chloride  of  lime  consists  of  calcium  hypo- 
chlorite, together  with  calcium  hydroxide,  etc. 

Its  commercial  value  depends  upon  the  content  of 
hypochlorous  acid.  Hypochlorous  acid  reacts  with  sodium 
arsenite,  as  follows: 

SNasAsOs  +  Ca(0Cl)2  =  2Na3As04  +  CaCl2. 

1  mol.  of  hypochlorous  acid  corresponds  to  1  mol. 
of  arsenous  acid.  If  .3537  gram  of  chloride  of  lime  is  taken 
for  analysis,  each  cc.  of  sodium  arsenite  corresponds  to 
.003537  gram  of  chlorine,  =  1  per  cent. 

To  make  a  determination,  grind  the  sample  of  chloride 
of  lime  with  water  in  a  porcelain  mortar,  rinse  into  a  beaker, 
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and  add  an  excess  of  sodium  arsenite.  A  white  precipitate 
is  formed  at  first,  which  dissolves  on  addition  of  more  arsen- 
ite. As  long  as  the  arsenite  is'  not  in  excess,  a  drop  of  the 
liquid  will  give  a  blue  color  on  potassium  iodide-starch 
paper.  Add  starch  paste  to  the  cloudy  solution  and  titrate 
the  excess  of  arsenite  with  iodine. 

Penot  added  only  sufficient  sodium  arsenite  to  reduce 
the  chloride  of  lime,  and  determined  the  end  reaction  by 
testing  a  drop  of  the  solution  on  potassium  iodide-starch 
paper.  At  first  the  paper  is  strongly  blued,  but  as  the 
chloride  of  lime  is  gradually  reduced,  the  color  becomes 
fainter,  until  at  last  it  no  longer  appears.  With  a  little 
care,  it  is  easy  to  make  the  titration  without  adding  an  ex- 
cess of  arsenite.    Penot's  method  is  generally  used. 

Weigh  out  exactly  7.074  grams  of  chloride  of  lime,  dis- 
solve in  water  and  dilute  to  1000  cc.  If  50  cc.  of  this  solu- 
tion are  used  for  the  titration,  the  number  of  cc.  of  N/10 
sodium  arsenite  used,  expresses  the  per  cent,  of  active  chlo- 
rine in  the  chloride  of  lime. 

To  prepare  the  potassium  iodide-starch  paper,  stir  3 
grams  of  starch  in  about  200  cc.  of  cold  water,  boil,  and  add 
1  gram  each  of  potassium  iodide  and  sodium  carbonate. 
Dilute  to  about  500  cc,  and  saturate  strips  of  white  paper 
with  the  solution. 

CHROMATES. 

The  deportment  of  chromates  on  boiling  with  concen- 
trated hydrochloric  acid,  has  been  explained  above  (page 
438).    To  determine  chromates,  proceed  as  given  above. 
6C1  =  2Cr03  =  HAS2O3. 

Therefore, 

liAs203  :  2CrO..  =  a  t  :  x; 
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or,  calculated  to  potassium  bichromate: 

6C1  =K,Cr207  =  li  AS2O3. 
liAs203  :  K2Cr207  =  a  t  :  x. 

CHLORATES. 

Chlorates,  when  heated  with  concentrated  hydro- 
chloric acid  behave  like  cliromates,  and  liberate  6  atoms 
of  chlorine.  In  the  analysis  of  chlorates,  use  Bunsen's  or 
Mohr's  apparatus,  and  pass  the  chlorine  into  a  measured 
excess  of  sodium  ai'senite  solution.  After  complete  de- 
composition, add  starch  and  titrate  the  unoxidized  arsen- 
ite  with  iodine. 

4C1  =  AS2O8 ;  12C1  --=  3AS2O3 ;  12C1  =  CI2O5 ;  therefore 
CI2O5  3AS2O3. 

3AS2O3:  Cl205  =  a  t:x. 

MANGANESE  DIOXIDE. 

Boil  a  weighed  sample  of  pyrolusite  with  hydrochloric 
acid,  and  pass  the  liberated  chlorine  into  sodium  arsenite 
solution. 

MnO.2  =  2C1  ;  CI  =  iMn02  iAs203. 
iAssOs  :  Mn02      a  t  :  x,  or 
AS2O3 :  2Mn02  --at:  x. 

COBALTIC  OXIDE. 

Cobaltic  oxide,  when  boiled  with  concentrated  hydro- 
chloric acid,  liberates  6  atoms  of  chlorine  : 

C02O3  +  6HC1  =  2C0CI2  +  CI2  +  3ao. 

2C1  =  C02O3     iAs203 ;  therefore, 
AS2O3 :  2C02O3  -=  a  t  :  X. 


HYDROGEN  SULPHIDE. 

To  determine  the  content  of  hydrogen  sulphide  in  a 
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water,  pipette  out  a  quantity  of  the  water  and  add  to  a 
measured  excess  of  sodium  arsenite. 

If  hydrochloric  acid  is  'now  added  in  slight  excess, 
arsenous  sulphide  is  precipitated.  Transfer  the  solution 
and  precipitate  to  a  1/2  liter  flask,  fill  to  the  mask  and 
either  siphon  off  100  cc.  of  the  clear  solution,  or  filter  lOO 
cc.  through  a  dry,  folded  filter.  Saturate  with  sodium 
bicarbonate,  and  titrate  the  excess  of  sodium  arsentei  with 
iodine. 

Since 

AS2O3  +  3H.2S  =  AS2S:3  +  3H2O., 

AS2O3  =  3H,S. 

ANTIMOISOUS  ACID. 

In  alkaline  solution,  antimonous  acid  behaves  like 
arsenous  acid,  and  is  oxidized  b}'  iodine  to  antimonic acid. 
Dissolve  the  antimonous  acid  in  tartaric  acid,  saturate 
with  sodium  bicarbonate  and  titrate  with  iodine.  Tai'tar 
emetic  may  be  dissolved  in  water,  sodium  bicarbonate 
added,  and  the  solution  then  titrated  with  iodine. 

41  =  Sb2(33. 
41  :  Sb203  =  a  t  :  X  ;  or 
4  .  126.54  :  288.46  ==  a  t  :  x. 
For  tartar  emetic,  the  following   proportion  is  ob- 
tained : 

41 :  2KSbOC4H406  =  a  t :  x. 


ANALYSIS  BY  PRECIPITATION. 


DETERMINATION  OF  SILVER  WITH  STANDARD  SODIUM 
CHLORIDE. 

This  method  is  based  upon  the  precipitation  of  silver 
as  silver  chloride,  by  means  of  a  solution  of  sodium  chlo- 
ride of  known  concentration.  The  solution  should  contain 
free  nitric  acid.  Add  the  sodium  chloride  solution  as  long 
as  silver  chloride  is  precipitated.  It  may  easily  be  seen  when 
the  precipitation  is  complete,  by  warming  the  solution, 
and  shaking  vigorously  after  each  addition  of  salt  solu- 
tion ;  the  silver  chloride  collects  together,  and  the  solution 
soon  becomes  clear. 

Use  a  solution  of  sodium  chloride  containing  5.837 
grams  of  pure  sodium  chloride  per  liter.  1  cc.  of  this 
solution  corresponds  to  .01076  grams  of  silver. 

DETERMINATION  OF  SILVER  OR  COPPER  WITH  AMMONIUM 
SULPHOC YANATE . 

Volhard  has  based  a  volumetric  determination  of  sil- 
ver upon  the  following  reaction  : 

AgN08  H-  NH4SCN  =  AgSCN  -f  NH4NO.. 

To  prepare  the  standard  solution,  dissolve  about  8 
grams  of  pure  ammonium  sulphocyanate  in  1  liter  of  wa- 
ter. Standardize  the  solution  against  a  weighed  amount 
of  pure  silver,  dissolved  in  nitric  acid.  Boil  the  solution 
to  expel  the  oxides  of  nitrogen,  cool,  and  titrate.  Dilute 
with  water,  add  a  solution  of  ammonium-ferric  sulphate, 
saturated  in  the  cold  (about  5  cc.  to  200-300  cc.  of  solu- 
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tion),  and  titrate  with  the  ammonium  sulphocyanate, 
while  constantly  stirring.  When  all  of  the  silver  has  sep- 
arated as  white  silver  sulphocyanate,  the  solution  assumes 
a  permanent  pale  red  color. 

Copper  may  be  determined  in  a  similar  manner.  Ac- 
cording to  Volhard,  copper  is  precipitated  as  cui)rous  sul- 
phocyanate, if  the  solution  contains  sulphur  dioxide. 
Add  an  excess  of  ammonium  sulphocyanate,  and  titrate 
back  with  a  solution  of  silver  nitrate  of  known  concentra- 
tion. 

Besides  the  ammonium  sulphocyanate  solution  de- 
scribed above,  a  silver  solution  is  necessary.  Dis- 
solve 10.766  grams  of  C.  P.  silver  in  nitric  acid,  boil,  to 
expel  the  oxides  of  nitrogen,  and  dilute  to  1  liter.  Add 
an  excess  of  sulphur  dioxide  water  to  the  copper  solution, 
heat  to  boiling,  add  a  measured  excess  of  the  ammonium 
sulphocyanate  solution,  cool,  and  dilute  to  a  definite  vol- 
ume. Filter  an  aliquot  portion  of  the  solution,  add  am- 
monium-ferric sulphate  for  an  indicator,  and  titrate  the  ex- 
cess of  ammonium  sulphocyanate  with  silver  nitrate. 

DETERMINATION  OF  CHLORINE  WITH  SILVER  NITRATE 
SOLUTION. 

The  determination  of  chlorine  in  soluble  chlorides  is 
based  upon  the  same  principle  as  the  determination  of 
silver  with  a  solution  of  sodium  chloride.  Since,  how- 
ever, it  is  more  difficult  to  detect  the  end  reaction,  potas- 
sium chromate  (K-^CvOi),  is  used  for  the  indicator  ;  tliis  sub- 
stance, with  silver  nitrate,  p^-oduces  a  brick  red  precipi- 
tate of  silver  chromate.  If  a  small  amount  of  potassium 
chromate  is  added  to  the  solution  of  a  chloride,  so  that  the 
solution  is  colored  a  pale  yellow,  and  silver  nitrate  then 
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added,  a  permanent  precipitate  of  red  silver  chromate 
forms  only  after  all  of  the  chlorine  is  precipitated  as  silver 
chloride,  As  silver  chloride  is  white,  it  is  easy  to  see  the 
silver  chromate.  As  silver  chromate  is  easily  soluble  in 
acids,  the  solution  must  not  contain  any  free  acid. 

107.66  grams  of  silver  correspond  to  35.37  grams  of 
chlorine.  Dissolve  10.766  grams  of  silver  in  nitric  acid, 
remove  the  excess  of  acid  by  evaporation,  dissolve  the  resi- 
due in  water,  and  dilute  to  1  liter.  Instead  of  metallic 
silver,  a  corresponding  amount  (16.955  grams)  of  silver 
nitrate  may  be  dissolved  in  a  liter  of  water. 

Ammonia,  Potassium,  Sodium,  Alkaline  or  Alkaline 
Earth  Carbonates,  may  be  determined  b}^  forming  chlo- 
rides and  then  titrating  the  chlorine  with  silver  nitrate 
solution.  Add  hydrochloric  acid,  evaporate  to  dryness, 
and  dissolve  the  residue  in  water. 

Hydrocyanic  Acid  (cyanides)  may  also  be  determined 
with  a  standard  silver  solution.  When  silver  nitrate  is 
added  to  a  cyanide  solution,  strongly  alkaline  with  potas- 
sium hydroxide,  a  precipitate  is  formed  ;  the  precipitate 
first  formed,  dissolves  to  form  the  double  cyanide  of  pot- 
assium and  silver,  when  more  silver  nitrate  is  added,  and 
the  solution  is  agitated  : 

AgNOs  +  2KCN  =  AgCN  .  KCN  +  KNO3. 

.  The  slightest  excess  of  silver  nitrate  over  that  re- 
quired to  form  the  double  cyanide,  decomposes  the  latter 
and  precipitates  the  normal  cyanide  : 

AgCN  .  KCN  -h  AgNOs  =  2AgCN  +  KNO3. 

If  a  few  drops  of  a  solution  of  sodium  chloride  are 
added  before  titration,  silver  chloride  is  precipitated  with 
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the  silver  cyanide,  which  makes  the  end  reaction  sharper. 

1  atom  of  silver  correspoDjds  to  2  molecules  of  cyano- 
gen or  hydrocyanic  acid. 

ZINC. 

For  the  volumetric  determination  of  zinc  with  sodium 
sulphide,  see  Sphalerite,  page  141. 

SULPHURIC  ACID  IN  SULPHATES. 

Wildenstein  determines  sulphuric  acid  in  sulphates 
by  adding  an  excess  of  standard  barium  chloride,  and 
then  titrating  the  excess  with  a  solution  of  potassium 
chromate.  Potassium  chromate  possesses  a  very  strong 
coloring  power,  and  the  slightest  excess  may  be  detected, 
if  the  titration  is  made  in  a  porcelain  dish.  From  time  to 
time,  place  a  drop  of  the  solution  on  a  watch  glass,  and 
note  whether  a  precipitate  is  formed  on  addition  of  potas- 
sium chromate. 

Use  a  solution  containing  60.88  grams  (or  an  aliquot 
part)  of  crystallized  barium  chloride  per  liter.  Make  up 
the  potassium  chromate  solution  so  that  1  cc.  corresponds 
to  1  cc.  of  the  barium  chloride  solution. 

PHOSPHORIC  ACID  IN  PHOSPHATES. 

This  method  is  based  upon  the  precipitation  of  phos- 
phoric acid  by  uranium  acetate,  in  acetate  acid  solution. 
Potassium  ferrocyanide  is  used  as  the  indicator  to  show^ 
when  all  the  phosphoric  acid  is  precipitated  as  uranyl 
phosphate. 

The  following  solutions  are  necessary  : 

1.  A  solution  of  uranium  acetate  in  water.  Dissolve 
about  38  grams  of  crystallized  uranium  acetate  in  water, 
add  about  5  cc.  of  concentrated  acetic  acid,  and  dilute  to 
1  liter  ;  1  cc.  of  this  solution  corresponds  to  approximately 
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.005  gram  pbospboric  acid. 

Since  basic  salts  precipitate  from  tbe  solution  on 
standing,  tbe  latter  sbould  not  be  filtered  and  standard- 
ized for  a  few  days  after  making. 

2.  A  solution  of  sodium  acetate,  obtained  by  dis- 
solving 100  grams  of  sodium  acetate  in  900  cc.  of  water 
and  100  cc.  of  acetic  acid,  Sp.  Gr.  1.04. 

For  tlie  titration  of  alkaline  pbospbates,  tbe  uranium 
solution  sbould  be  standardized  against  crystallized 
sodium  pbospbate.  Prepare  eitber  a  solution  of  a  defi- 
nite concentration,  containing  10.087  grams  of  sodium 
pbospbate  per  liter,  or  weigb  out  an  arbitrary  amount  of 
tbe  salt.  For  tbe  titration  of  calcium  pbospbate  (man- 
ures, supei'pbospbates,  etc.),  standardize  tbe  uranium  ace- 
tate against  calcium  pbospbate.  It  bfis  been  found  tbat 
in  the  titration  of  calcium  pbospbate  witb  uranium  ace- 
tate, a  small  amount  of  calcium  pbospbate  is  precipitated 
witb  tbe  uranyl  pbospbate.  For  tbis  reason,  tbe  same 
conditions  must  be  observed  in  tlie  standardization  and  in 
tbe  actual  titration.  The  calcium  pbospbate  solution  is 
obtained  by  dissolving  5.5  grams  of  dry,  neutral  calcium 
pbospbate  in  tbe  least  amount  of  nitric  acid  necessary, 
and  diluting  witb  water  to  1  liter.  Tbe  content  of  pbos- 
pboric acid  in  tbis  solution  may  be  determined  eitber  b}' 
precipitating  50  cc.  witb  ammonium  molj^bdate  solution, 
or  by  evaporating  a  measured  amount  to  dryness  in  a 
platinuni  disb,  after  adding  ammonium  bydroxide,  and 
tben  igniting  tbe  residue.  Tbe  content  of  pbospboric  acid 
may  bo  calculated  from  the  weigb t  of  calcium  pbospbate, 
Ca3(P04)2,  obtained. 

To  standardize  tbe  uranium  solution,  add  10  cc.  of 
tbe  sodium  acetate  solution  to  50  cc.  of  tbe  sodium  pbos- 
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phate  or  calcium  phosphate  solution,  and  then  add  uranium 
acetate  solution  from  a  burette  to  the  cold  solution  until 
nearly  all  of  the  phosphoric  acid  is  jjrecipitated  as  uran3'l 
phosphate.  Now  boil  the  solution,  transfer  a  drop  to  a 
porcelain  dish  and  test  with  freshly  pulverized  potassium 
ferrocyanide.  The  slightest  excess  of  uranium  solution 
will  be  shown  by  a  reddish  brown  coloration  of  the  pow- 
der. When  this  reaction  appears,  read  the  volume  of 
uranium  solution  used,  and  calculate  the  value  of  the 
solution. 

In  using  this  method  for  the  determination  of  phos- 
phoric acid  in  phosphates,  it  is  necessary  to  observe  the 
same  conditions  (dilution,  etc.)  in  the  standardization  and 
in  the  actual  titration.    See  page  160. 
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SCHEME  FOR  QUALITATIVE  ANALYSIS. 

WITH    SPECIAL  REFERENCE  TO    MINERALS,    ORES,  SLAGS, 
METALS,  ALLOYS,  ETC. 

The  separation  of  metals  from  one  another,  is  based 
upon  their  deportment  with  Hydrogen  Sulphide,  Ammon- 
ium Sulphide,  Ammonium  Carbonate  and  Sodium  Phos- 
phate.   The  following  distinctions  may  be  made  : 

1.  Metals  which  are  precipitated  from  acid  solution 
by  H3^drogen  Sulphide  ; 

2.  Metals  which  are  not  precipitated  from  acid  solu- 
tion by  hj^drogen  sulphide,  but  are  precipitated  from  neu- 
tral or  ammoniacal  solution  by  Ammonium  Sulphide  ; 

3.  Metals  which  are  not  precipitated,  by  hydro- 
gen sulphide  or  by  ammonium  sulphide,  but  are  precipitated 
by  Ammonium  Carbonate  ; 

4.  Metals  which  are  not  precipitated  by  the  above  re- 
agents, but  are  precipitated  by  Sodium  Phosphate  ; 

5.  Metals  which  are  not  precipitated  by  any  of  these 
reagents. 

It  is  possible,  therefore,  to  divide  all  of  the  metals  (also 
some  of  the  acids)  into  5  large  Groups,  by  the  successive 
use  of  these  reagents  ;  the  individual  groups  may  then  be 
examined  by  the  use  of  other  reagents. 
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Preliminary  Tests. 

In  the  examination  of  complex  compounds,  it  is  ex- 
pedient to  make  a  few  preliminary  tests  on  the  dry  sub- 
stance ;  these  tests  often  give  a  clue  as  to  the  nature  of  the 
substance,  and  may   facilitate  the  special  examination. 

The  preliminary  tests  include  the  observation  of  : 

1.  Deportment  on  heating  in  a  closed  tube  ; 

2.  Deportment  on  heating  before  the  blowpipe  on 
charcoal,  in  the  oxidizing  and  reducing  flame  ; 

8.  Deportment  in  the  fused  borax  or  salt  of  phos- 
phorus bead  ; 

4.  Deportment  with  concentrated  sulphuric  acid  ;  and 

5.  Deportment  on  heating  on  a  platinum  wire  (Flame 
Coloration). 

Heating  in  the  Closed  Tube.* 

Place  the  pulverized  substance  in  a  glass  tube  fused 
together  at  one  end  (about  6  mm.  wide  and  8-10  cm. 
long),  and  heat. 

The  substance  may  evolve  : 

1.  Colorless  Gases  :  Carbon  Dioxide,  Carbon  Mon- 
oxide, Oxygen,  Hydrogen  Sulphide,  Sulphur  Dioxide, 
Cyanogen,  etc. 

2.  Acid  Vapors  :  Hydrochloric  Acid,  Hydrobromic 
Acid,  Hydriodic  Acid,  Hydrofluoric  Acid. 

3.  Ammonia. 

4.  Colored  Gases  :  Clilorine  (yellowish  green).  Bro- 
mine (brownish  red),  Iodine  (violet),  Oxides  of  Nitrogen 
(yellow). 

*  Most  substances  when  hented,  evolve  water,  which  condenses  on 
the  cold  walls  of  the  tube,  and  makes  the  observation  of  the  coating's  un- 
certain. It  is  advisable,  therefore,  to  g^ently  warm  the  tube,  after  intro- 
ducing the  substance,  and  then  to  remove  the  moisture  with  a  roll  of 
filter  paper. 
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If,  on  heating  the  original  svibstaiice  in  the  closed 
tube,  a  yelloiv  coating  is  formed  (deposition  of  a  solid,  vola- 
tile compound  on  the  cold  walls  of  the  tube),  it  indicates  : 

Sulphur, 

Arsenic  Sd^lphide,  or 
MerGuric  Iodide. 

Arsenic  sulphide  dissolves  on  touching  it  with  a 
solution  of  ammonium  carbonate,  and  may  be  distin- 
guished from  sulphur, -by  its  orange  yellow  color.  If  the 
coating  is  mercuric  iodide,  it  will  become  red  on  rubbing 
with  a  glass  rod. 

If  the  resulting  coating  is  black  and  has  a  metallic 
luster,  it  may  be 

Arsenic. 

Tellurium, 

Mercury,  (the  coating  is  then  grayish  white,  and  small 
drops  of  mercury  may  be  seen  with  the  aid  of  a  lens), 
Cadmium, 
Selenium,  or 
Mercuric  Sulphide. 

Arsenic  may  be  identified  by  its  deportment  with  sil- 
ver nitrate,  in  neutral  solution  (after  solution  in  fuming 
nitric  acid). 

Tellurium  solidifies  on  cooling. 

Cadmium  forms  brownisli  yellow  cadmium  oxide, 
when  heated  with  access  of  air. 

Selenium  and  Mercuric  Sulphide  become  red  on  being 
rubbed;  selenium,  when  heated  with  access  of  air,  evolves 
the  odor  of  decaying  radishes. 

If  the  coating  is  white,  it  may  be  : 

Antimony  Oxide, 

Arsenic  Trioxide, 
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Mercuric  Chloride, 
Mercurous  Chloride,  or 
Ammonium  Chloride. 

Arsenic  trioxide  volatilizes  on  heating,  without  pre- 
vious fusion. 

Antimony  oxide  fuses  before  it  volatilizes. 

Mercuric  chloride  fuses  before  volatilizing,  and  be- 
comes yellowish  red  wdien  touched  w^ith  potassium  h3'drox- 
ide. 

Mercurous  chloride  sublimes  without  fusion,  and  be- 
comes black  when  touched  with  potassium  hydroxide. 

Ammonium  chloride  may  be  recognized  by  its  deport- 
ment with  potassium  h3^droxide,  for  winch  purpose,  the 
original  substance  may  be  used. 

If  the  substance  being  examined  contains  w\ater,  it 
will  be  deposited  in  little  drops  on  the  cold  walls  of  the 
tube. 

In  the  presence  of  non-volatile  organic  compounds,  the 
assay  is  blackened  on  heating,  owing  to  the  separation  of 
carbon.  Since  these  compounds  may  interfere  with  the 
precipitation  of  various  metals,  they  must  be  decomposed 
by  ignition,  before  preceding  to  the  special  examination. 
In  the  presence  of  volatile  compounds,  e.  g.,  mercury  or 
arsenic,  instead  of  decomposing  the  organic  matter  by  ig- 
nition, it  may  be  decomposed  by  w^arming  with  hydro- 
chloric acid  and  potassium  chlorate. 

In  the  presence  of  some  cyanogen  compounds,  e.  g. 
potassium  ferrocyanide,  the  substance  becomes  brown 
when  heated  in  the  closed  tube,  and  cyanogen,  hydro- 
cyanic acid  or  ammonia,  is  generally  evolved.  These  com- 
pounds should  be  treated  as  given  above. 


PRE]JMINARy  TESTS 


467 


Testing  Before  the  Blowpipe  on  Charcoal 

Place  a  small  portion  of  the  finely  pulverized  sub- 
stance on  charcoal,  and  heat  with  the  blowpipe  flame."  If 
the  substance  detonates,  it  indicates  a 

Nitrate, 

Chlorate, 

Bromate,  or 

lodate. 

If,  after  heating,  the  substance  leaves  a  .white,  un- 
fused  mass, 

Alkaline  Earths,  and  tlieir  salts, 

Alumina, 

Stannic  Oxide, 

Zinc  Oxide, 

Titanic  Acid, 

Tantalic  Acid, 

Niobic  Acid,  or 

Tungstic  Acid, 

may  be  present.  Moisten  the  residue  with  cobalt  nitrate 
and  heat.  In  the  presence  of  Alumina,  the  mass  be- 
comes blue.  Magnesia,  flesh  colored.  Zinc  Oxide,  yellow- 
ish green,  and  Stannic  Oxide,  bluish  green. 

Mix  a  portion  of  the  original  substance  with  soda  or 
potassium  cyanide,  and  heat  on  charcoal  in  the  reducing 
flame  of  the  blowpii3e. 

In  the  presence  of  sulphates  or  substances  contain- 
ing sulphur,  a  yellow  to  red  colored  mass  is  obtained, 
which,  when  placed  upon  a  piece  of  silver  and  moistened 
with  water,  produces  a  black  spot  (silver  sulphide). 

In  the  presence  of  metallic  oxides,  there  is  obtained 
either  a  metallic  bead  alone,  a  bead  together  with  a  coat- 
ing or  a  coating  alone. 
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Fused  Metal  Without  a  Coating. 

The  metal  may  be  : 

Gold, 

Silver, 

Copper,  or 

Tin. 

To  distinguish  copper  and  tin,  transfer  the  bead  to 
an  agate  mortar  and  grind  with  water  ;  if  copper  is  pres- 
ent, it  may  be  detected  by  the  red  metallic  flakes,  after 
washing  away  the  carbon.  If  the  residue  consists  of 
white,  ductile,  metallic  grains,  tin  may  be  present.  Test 
in  the  copper  bead  as  follows  :  Make  a  green  copper  bead 
by  dissolving  copper  oxide  in  a  bead  of  borax  or 
salt  of  phosphorus,  and  add  one  of  the  small  grains  of 
metal.  If  the  grains  are  tin,  the  bead  will  become  brown- 
ish red  and  opaque,  owing  to  reduction  of  CuO  to  CuaO,  by 
the  metallic  tin. 

Silver  is  soluble  in  dilute  nitric  acid,  and  may  be 
precipitated  with  hydrochloric  acid. 

Gold  remains  behind,  insoluble. 

Fused  Metal  With  a  Coating. 

Antimony, 

Bismuth, 

Lead, 

Thallium, 

Indium. 

Antimony  is  mostly  volatilized,  the  assay  fumes 
strongly,  and  the  resulting  antimony  oxide  produced  a 
dense  white  coating.  Bismuth  gives  a  dark  yellow  coat- 
ing ;  the  metal  itself  is  brittle. 

Mix  the  original  substance  with  a  little  potassium 
iodide  and  sulphur  and  heat  on  charcoal ;  bismuth  pro- 
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duces  an  easily  volatile,  scarlet  red  coating  of  bismuth 
iodide.  Lead  produces  a  yellow  coating ;  the  metallic 
bead  is  malleable.  Indium  gives  a  white  coating,  and 
thallium  a  yellow  coating.    Both  metals  are  malleable. 

Unfused  Metal  Without  a  Coating. 

Nickel, 

Cobalt, 

Iron, 

Tungsten, 

Molypdenuni, 

Platinum, 

{Rhodium,  Iridiuyn,  etc.).. 

These  metals  are  almost  all  recognized  by  their  deport- 
ment in  the  salt  of  phosphorus  bead.  On  treating  the  wash- 
ed metallic  powder  with  dilute  nitric  acid,  platinum  (rhodium, 
iridium,  etc.),  remain  unchanged,  while  tungsten  and  molyb- 
denum form  the  corresponding  acids. 

Coating  Without  a  Metallic  Bead. 

Zinc, 

Cadmium, 
Arsenic,  and 
Tellurium. 

Zinc  oxide  is  a  non-volatile  coating,  yellow  when,  hot, 
white  when  cold.  The  cadmium  oxide  coating  is  brownish 
yellow,  and  may  be  volatilized  by  heating  with  the  blowpipe 
flame.  The  arsenic  coating  is  very  volatile,  and  on  heat- 
ing with  the  blowpipe  flame,  gives  the  odor  of  garlic.  Tel- 
lurium gives  a  white  coating  with  a  reddish  yellow  border; 
on  heating  with  the  reducing  flame  of  the  blowpipe,  the 
coating  disappears. 
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Deportment  of  the  Substance  in  the  Borax  Bead* 

Place  a  small  portion  of  the  pulverized  substance  in  the 
molten  bead,  heat  first  in  the  oxidizing  flame  and  then  in 
the  reducing  flame,  and  observe  the  colorations  produced. 

Coloration  in  the  Oxidizing  Flame. 

Colorless  :    Alkaline  Earths, 
Silver, 
Zinc, 
Tin, 

Cadmium, 

Molybdenum, 

Tungsten, 

Tantalum, 

Niobium, 

Titanium. 

On  strong  saturation,  the  bead  often  appears  yellowish, 
and  become  cloudy  on  cooling. 

Yellow  :        Iron  (red  when  hot), 

Nickel  (violet  when  hot), 

Cerium  (reddish  yellow  when  hot). 

Uranium  (reddish  yellow  when  hot), 

Vanadium. 

Green  :  Chromium  (red  when  hot). 

Blue  :  Cobalt, 

Copi)er  (green  when  hot). 
Violet  :         Manganese  (violet  red  when  cold), 

Didymium. 

Coloration  in  the  Reducing  Flame. 

Red  :  Copper  (opaque  when  strongly  saturated), 

Titanic  Acid, 

Tungstic  Acid  (blood  red,  with  iron). 
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Yellow  :  Tungsten, 

Molybdenum., 

Vanadic  Acid. 
Green  :  Iron, 

Chromium, 

Uranium, 

Vanadium. 
Blue  :  Cobalt. 
Gray  :  Antimony, 

Nickel, 

Zinc, 

Silver, 

Bismuth, 

Cadmium, 

Lead, 

Tellurium  (cloudy). 
On  long  heating,  the  beads,  with  the  exception  of  that 
containing  niobic  acid,  become  colorless. 

Deportment  in  the  Salt  of  Phosphorus  Bead. 

Coloration  in  the  Oxidizing  Flame. 

Colorless  :    Alkaline  Earths, 
Silver, 
'Zinc, 
Tin, 

Cadmium, 

Molybdenum, 

Tungsten, 

Tantalum, 

Niobium, 

Titanium, 

Silica;  remains  undissolved,  swims  in  the 
molten  bead,  and  separates  out 
on  cooling  (silica  skeleton). 
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Yellow  :  Iron, 
Nickel, 
Vanadium. 

Green  :  Chromium  (yellow  when  hot). 

Blue  :  Cobalt. 

Coiyper  (green  when  hot). 
Violet  :  Manganese, 
Didymium. 
Coloration  in  the  Reducing  Flame. 

Colorless  :  Alumina, 

Alkaline  Earths, 
Tin, 

Manganese, 

Cerium, 

Didymium. 
Red  :  Copper  (opaque), 

^  Tungstic  Acid, 

Niobic  Acid  (in  the  presence  of  iron). 
Green  :  Uranium, 

Chromium  (yellow  when  hot), 

Molybdenum, 

Vanadium  (yellow  when  hot). 
Blue  :  Cobalt, 

Tungstic  Acid, 

Niobic  Acid  (when  weakly  saturated). 
Violet  :        Titanic  Acid  (yellow  when  hot), 

Niobic  Acid   (violet  when   weakly  satur- 
urated;  blue  when  strongly  saturated). 
Gray  :  Antimony, 

Nickel, 

Zinc, 

Silver, 

Bismuth, 

Cadmium, 
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Lead, 

Tellurium  (cloudy). 
Flame  Coloration^ 

Moisten  a  small  portion  of  the  powdered  substance  with 
sulphuric  or  hydrochloric  acid,  take  up  in  the  loop  of  a 
platinum  wire  and  heat  in  the  lower  part  of  the  flame  of  a 
Bunsen  burner. 

Yellow  :  Sodium  Compounds  :  The  color  disappears 
if  the  flame  is  observed  through  a  cobalt 
glass,  or  an  indigo  prism. 

Calcium  Comjjounds :  When  observed 
through  a  green  glass,  the  flame  ap- 
pears canary  green. 
Strontium  and  Lithium  Compounds  :  The 
strontium  flame  is  scarlet  red;  that  of 
lithium,  carmine  red  (best  distinguished 
in  the  spectroscope). 
Potassium,  Rubidium  and  Caesium  Com- 
pounds. 

Barium  Compounds  (yellowish  green). 
Thallium. 

Phosphoric  Acid  (livid  green). 
Boric  Acid  (grass  green). 
Copper  Chloride  (green,  after  moistening 
with  nitric  acid). 


Yellowish 
Red  : 


Red 


Violet 


Green 


Blue 


Deportment  With  Sulphuric  Acid.* 

Place  a  sample  of  the  pulverized  substance  in  a  test- 


*  Testing-  with  concentrated  sulphuric  acid  allows  conclusions  to  be 
drawn  as  to  the  presence  of  certain  non-volatile  organic  substances;  e.  g-. 
cyanides,  ferrocyanides,  etc.  If  these  substancesare  present,  it  shoufd 
be  known  before  beginning  the  special  examination. 
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tube,  add  about  3  times  the  volume  o.'  dilute  sulphuric  acid, 
and  warm  gently. 

If  effervescence  is  produced  on  adding  dilute  sulphuric 
acid,  it  indicates  a  carbonate.  If  hydrogen  sulphide  is 
evolved,  sulphides  are  present ;  if  free  sulphur  is  deposited 
at  the  same  time,  a  poly  sulphide  is  indicated.  If  sulphur 
is  separated,  with  the  evolution  of  sulphur  dioxide,  thio- 
sulphates  and  thiocyanates  are  indicated. 

Organic  compounds  are  decomposed  by  concentrated 
sulphuric  acid,  generally  with  blackening  (separation  of 
carbon).  Chlorides  evolve  hydrochloric  acid  gas,  recog- 
nizable by  its  odor  and  by  the  white  fumes  produced  when 
brought  in  contact  with  a  glass  rod  moistened  with  am- 
monium hydroxide.  Fluorine  compounds  evolve  a 
strongly  acid  vapor  of  hydrofluoric  acid,  which  etches 
glass.  Silicofluorides  evolve  silicon  tetrafluoride  as  well 
as  hydrofluoric  acid.  The  silicon  tetrafluoride  may  be  recog- 
nized by  holding  a  moistened  glass  rod  in  the  fumes  ;  the 
silicon  tetrafluoride  is  decomposed,  with  separation  of 
silica.  Bromides  and  iodides  give  a  brownish  red  and 
violet  red  colored  vapor,  respectively,  especially  after  ad- 
dition of  manganese  dioxide  ;  the  iodine  vapors  condense 
on  the  cold  walls  of  the  tube  as  a  black  sublimate.  Ni- 
trates (with  the  addition  of  pieces  of  copper  foil)  and  ni- 
trites evolve  red  colored  gases.  Cyanides,  ferrocyanides 
and  ferricyanides  evolve  hydrocyanic  acid,  recognizable  by 
its  odor.  Molybdic,  tungstic,  vanadic  and  titanic  acids, 
will  be  reduced,  if  a  piece  of  zinc  is  added  to  the  acid  so- 
lution, coloring  the  solution  blue. 

Solution  of  the  Substance. 

Before   proceeding   to   dissolve    the   substance,  it 
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is  necessary  to  finely  pulverize  it.  This  is  especially  nec- 
essary for  the  solution  of  substances  which  are  difficultly 
attacked  by  solvents.  First  test  a  small  portion  of  the 
substance  by  boiling  with  water  in  a  test-tube  ;  if  the 
substance  is  insoluble,  or  partly  soluble,  use  dilute  and 
concentrated  hydrochloric  acid.* 

If  hydrochloric  acid  also  fails,  try  nitric  acid.  When 
nitric  acid  is  used  for  the  decomposition  of  metallic  sul- 
phides, sulphur  may  separate,  and  a  white  residue  may 
remain.  Sulphur  may  easily  be  recognized  by  heating  on 
a  porcelain  criJcible  cover.  If  the  sulphur  leaves  a  resi- 
due after  burning,  dissolve  it  in  concentrated  hydrochloric 
acid  or  aqua  regia  (mixture  of  1  part  nitric  acid :  2-3 
parts  hydrochloric  acid),  and  add  the  solution  to  the 
principal  solution.  If  the  sulphide  leaves  a  white  residue, 
after  treatment  with  nitric  acid,  test  a  portion  of  it  with 
the  blowpipe  on  charcoal,  and  then  dissolve  it  with  con- 
centrated hydrochloric  acid  or  aqua  regia. 

In  dissolving  metals  or  metallic  alloys,  it  is  best  to 
use  nitric  acid.  If  a  white  residue  remains  insoluble,  it 
may  be  stannic  oxide  or  antimony  oxide  (if  the  substance 
stance  contains  arsenic,  copper  or  lead,  the  residue  may 
contain  a  small  amount  of  these  metals)  ;  they  may  easily 
be  recognized  by  their  deportment  before  the  blowpipe  on 
charcoal.    By  fusing  with  sodium  carbonate  and  sulphur, 

*  In  the  presence  of  silicates  decomposable  by  acids,  the  silica  is 
partly  separated  on  warming-  wi'th  an  acid,  and  after  filtration,  may  be 
recognized  as  such,  in  the  salt  of  phosphorus  bead.  If  the  presence  of 
silica  is  shown,  it  must  be  completely  separated  before  testing-  for  the 
metals.  Evaporate  the  hydrochloric  acid  solution  of  the  substance  to 
dryness,  and  heat  the  residue  for  some  time  on  the  water-bath.  Warm 
the  residue  with  a  little  dilute  hydrochloric  acid,  add  water,  and  filter. 
The  silica  obtained  must  be  tested  for  purity  (i.  e,  for  the  presence  of 
other  substances  insoluble  m  hydrochloric  acid).  See:  Special  Reactions 
of  the  Individual  Acids,  Silicic  Acid. 
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or  by  digestion  with  yellow  ammonium  sulphide,  they 
may  be  brought  into  solution  (CuS  and  PbS  remain  insol- 
uble). 

In  the  examination  of  complex  compounds,  it  is  ad- 
vantageous to  test  separately,  the  different  solutions  ob- 
tained by  treatment  with  water,  hydrochloric  acid,  nitric 
acid,  etc. 

If  neither  hydrochloric  acid,  nitric  acid  or  aqua regia 
effect  decomposition  of  the  substance,  it  is  necessary  to 
make  special  tests  for  insoluble  or  difficultly  soluble  sub- 
stances. Among  these  may  be  mentioned:  Sulphates, 
chiefly  BaS04,  SrS04  and  PbSO* ;  the  latter  is  soluble  in 
ammonium  acetate  or  ammonium  tartrate,  and  by  this 
means  may  be  separated  from  the  other  sulphates  and 
from  silica;  insoluble  silicates;  fluorides,  e.  g.  CaF2 ; 
aluminum  and  chromium  compounds,  e.  g.  chrome  iron 
ore  ;  metallic  chlorides,  e.  g.  AgCl,  also  AgBr  and  Agl ; 
metallic  sulphides,  e.  g.  M0S2 ;  ferrocyanides,  e.  g.  Prussian 
blue  ;  insoluble  oxides  and  acids,  e.  g.  strongly  ignited 
ferric  oxide,  tin  and  antimony  oxides,  titanic,  tantalic 
and  niobic  acids,  and  carbon. 

Insoluble  sulphates,  silicates,  ferrocyanides  and  some 
chromium  compounds  may  be  decomposed  by  fusion  with 
4  times  their  weight  of  a  mixture  of  equal  parts  of  potas- 
sium and  sodium  carbonates  ;*  some  of  these  compounds 

*  If,  for  example,  barium  sulphate  is  fused  with  sodium  carbonate 
and  the  fuse  digested  with  water,  sodium  sulphate  and  the  excess  of 
sodium  carbonate  go  into  solution,  while  barium  carbonate  remains  in- 
soluble. The  sodium  sulphate  may  be  separated  from  the  barium  car- 
bonate by  filtration,  and  the  latter  may  then  be  dissolved  in  hydochloric 
acid,  after  washing-  with  water. 

If  a  silicate  is  fused  with  sodium  carbonate,  and  the  fuse  is  digested 
with  water,  the  silica  goes  into  solution  as  sodium  silicate.  The  acid  is 
always  to  be  sought  for  in  the  aqueous  extract  of  the  fuse,  and  the  metals 
in  the  residue. 
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may  also  be  decomposed  by  boiling  with  a  concentrated 
solution  of  potassium  or  sodium  carbonate. 

If  sodium  carbonate  is  used  for  the  decomposition  of 
silicates,  naturally  the  fused  mass  cannot  be  used  for  the 
examination  for  the  alkalies.  In  this  case,  decompose  the 
compound  either  with  gaseous  hydrofluoric  acid,  or  mix 
the  substance  with  ammonium  acid-fluoride,  and  heat. 
This  forms  volatile  silicon  tetrafluoride,  while  the  metals 
remains  in  the  residue  in  the  form  of  fluorides,  and  may 
be  dissolved  by  warming  with  concentrated  hydrochloric 
acid. 

Fluorine  and  aluminum  compounds  may  be  decom- 
posed by  heating  with  concentrated  sulphuric  acid.  The 
fluorides  evolve  hydrofluoric  acid,  and  form  the  corre- 
sponding sulphates,  e.  g.  CaSO*  from  CaF2,  which  may 
then  be  dissolved  by  warming  with  hydrochloric  acid. 

Chrome  iron  ore,  if  very  finely  pulverized,  may  be  de- 
composed by  long  fusion  with  a  mixture  of  sodium  car- 
bonate and  potassium  nitrate. 

Insoluble  chlorides,  bromides  and  iodides  may  easily 
be  decomposed  by  reduction  with  zinc  and  dilute  sul- 
phuric acid. 

For  the  decomposition  of  insoluble  sulphides,  fuse 
with  a  mixture  of  equal  parts  of  sodium  carbonate  and 
sulphur.  If,  for  example.  Molybdenite  is  decomposed  by 
this  method,  on  extracting  the  fuse  with  water,  the  molyb- 
denum goes  into  solution  as  sodium  sulpho-molybdate. 

Many  insoluble  oxides  and  acids,  e.  g.  ferric  oxide 
and  alumina,  titanic,  tantalic  and  niobic  acids,  can  be  de- 
composed and  rendered  soluble  by  fusion  with  potassium 
acid  sulphate.  Insoluble  ferric  oxide  may  be  rendered 
soluble  by  digesting  for  some  time  with  warm  potassium 
or  sodium  hydroxide;  ferric  hydroxide  is  formed,  and 
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may  then  be  dissolved  in  concentrated  hydrochloric  acid, 
after  decanting  the  excess  of  alkali*. 

Carbon  may  be  completely  burned  to  carbon  dioxide 
or  carbon  monoxide,  by  long  ignition  with  access  of  air. 
Mix  the  carbon  with  copper  oxide  and  ignite  the  mixture  ; 
carbon  dioxide  is  formed,  and  may  be  recognized  by  pass- 
ing it  into  lime  water. 

Examination  of  the  Solutions* 

Tests  for  the  Bases. 

As  above  mentioned,  the  bases,  and  some  of  the  acids, 
may  be  divided  into  5  different  groups,  by  their  different 
deportment  with  Hydrogen  Sulphide,  Ammonium  Sul- 
phide, Ammonium  Carbonate  and  Sodium  Phosphate. 

The  Hydrogen  Sulphide  group  may  be  divided  into  2 
sub-groups,  by  treatment  with  ammonium  sulphide  ;  some 
of  the  first  group  sulphides  being  soluble,  and  others  be- 
ing insoluble,  in  that  reagent. 

Group  L 

From  acid  solution,  Hydrogen  Sulphide  precipitates  the 
following  as  sulphides  : 
Lead,  black. 
Silver,  Uack. 
Mercury,  Mack. 
Bismuth,  dark  broivn. 
Copper,  black. 
Cadmium,  yelloiv. 
Palladium,  black. 
Rhodium,  black. 
Ruthenium,  black. 
Osmium,  black. 
Platinum,!  dark  broivn. 


Insoluble 


m 


Ammonium  Sulphide. 


*  Classen,  Zeit.  f.  anal.  Chem.,  Vol.  17,  p.  182. 

t  Platinum  sulphide  is  soluble  in  ammonium  sulphide  only  if  arsenic, 
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Antimony,  orange. 
Arsenic,  yellow. 
Tin  (stannous),  hrown. 
Tin  (stannic),  yellow. 
Molybdenum,  dark  brown. 
Tungsten,*  brown. 
Vanadium,  brown. 
Gold,  dark  brown. 
Platinum,  dark  broiun. 
Iridium,  dark  brown. 
Selenium,  reddish  yelloiu. 
Tellurium,  black. 

Group  IL 

From  neutral  or  ammonical  solutions,  Ammonium  Sul- 
phide precipitates  the  following: 

a ,  as  Sulphides. 

Zinc,  white. 
Iron,  black. 

Manganese,  j^es/t  colored  or  green. 
Cobalt,  black. 
Nickel,  black. 

Uranium,  (As  UO2S),  dark  brown. 
Thallium,  black. 
Indium,  yellowish. 


antimony,  tin  or  g-old  are  present,  and  the  solubility  increases  with  the 
amount  of  these  metals.  If  arsenic,  antimony,  tin  or  g-old  are  not  present, 
but  only  those  metalswhose  sulphides  are  insoluble  in  ammonium  sulph- 
ide, no  platiaum  salphide  will  be  dissolved  if  normal  ammonium  sulph- 
ide is  used;  if,  however,  the  polysulphide  is  used,  a  very  small  amount 
will  be  dissolved.  In  all  cases,  then,  where  platinium  is  suspected,  it  is 
necessary  to  test  the  portion  of  the  second  half  of  the  first  group  which 
is  insoluble  in  nitric  acid.    See  test  for  mercury. 

*  Tung-sten  and  vanadium  are  not  precipitated  direct  by  hydrog-en 
sulphide;  their  sulphides  are  precipitated  only  when  ammoniam  sulpb 
ide  is  added  to  the  solution,  and  the  latter  is  acidified. 


Soluble 
y  in 

Ammonium  Sulphide. 
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b,  as  Hydroxides. 

Aluminum,  ivhite. 
Beryllium,  ivhite. 
Chromium,  green. 
Thorium,  ivhite. 
Yttrium,  ivhite. 
Erbium,  white. 
Cerium,  white. 
Lanthanum,  ivhite. 
Didymium,  white. 
Zirconium,  white. 
Titanium,  ivhite. 
Tantalum,  white. 
Niobium ,  ivhite. 

Besides  these  metals.  Barium,  Strontium,  Calcium  and 
Magnesium  Phosphates  and  Oxalates  will  be  precipitated,  if 
the  solution  contains  these  acids. 

The  Alkaline  Earth  Borates,  Arsenates  and  Tartrates  are 
only  partly  precipitated  by  ammonium  sulphide. 

Group  IIL 

Aymnonium  Carbonate  precipitates  as  carbonates : 
Barium,  ivhite. 
Calcium,  white. 
Strontium,  ivhite. 

Group  IV» 

Sodium  Phosphate"^  or  Sodium-Ammonium  Phosphate  pre- 
cipitates, as  phosphate: 
Magnesium,  ivhite. 


*  It  is  preferable  to  use  sodium-ammonium  phosphate,  as  the  pre- 
cipitate of  ammonium-magnesium  phosphate  then  forms   more  rapidly. 
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Group  V* 

Not  precipitated  by  any  of  these  reagents  : 

Potassium. 

Sodium. 

Lithium. 

Caesium, 

Rubidium. 

Ammonium. 

In  the  following  scheme  for  examining  the  group  pre- 
cipitates, it  is  assumed  that  all  of  the  metals  are  present. 
It  is  evident,  therefore,  that  if,  e.  g.,  hydrogen  sulphide 
produces  no  precipitate,  the  same  solution  is  to  be  used 
for  the  second  group,  etc. 

When  precipitating  a  metal  with  a  reagent,  the  clear 
supernatant  solution  should  always  be  tested  for  further 
precipitation  with  the  same  reagent. 

Group  L 

Hydrogen  Sulphide  Precipitate. 

Acidify  the  solution  with  hydrochloric  acid"^,  if  it 
does  not  contain  any  free  acid,  and  then  add  hydrogen 
sulphide  until  the  solution  smells  strongly  of  the  gas  after 
shakingf.    Filter  out  the  precipitate,  wash  it  with  hydro- 

*  If  the  substance  was  dissolved  in  nitric  acid  or  aqua  regia,  the 
solution  must  first  be  evaporated  to  dryness  on  the  water-bath.  Dissolve 
the  residue  in  dilute  hydrochloric  acid. 

If  the  substance  contains  lead,  silver  or  mercury  (ous),  the  addition 
of  hydrochloric  acid  produces  a  white  precipitate  of  the  corresponding 
chlorides,  which  is  blackened  by  hydrogen  sulphide.  On  acidifying- 
solutions  which  contain  boric  adid,  silicic  acid,  antimonic  acid,  molybdic 
acid,  tungstic  acid,  thallium  (ous),  hyposulphites  and  alkaline  sulphides, 
a  white  precipitate  may  also  be  formed. 

t  If  the  preliminary  examination  showed  arsenic  to  be  present,  and 
it  is  present  in  the  arsenic  condition,  hydrogen  sulphide  must  be  passed 
through  the  warm  solution  for  a  long  time.  If  sulphur  separates  out  on 
passing  hydrogen  sulphide  through  the  solution,  giving  the  latter  a 
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gen  sulphide  water,  and  reserve  the  filtrate  for  the  metals 
of  the  succeeding  groups.  Pour  a  little  warm  ammonium 
sulphide*  onto  the  precipitate  and  allow  it  to  digest  for 
some  time.f  Filter  and  wash  the  residue  with  hydrogen 
sulphide  water  until  all  of  the  ammonium  sulphide  is 
washed  out. 

The  ammonium  sulphide  solution  may  contain  the 
sulphides  of  Arsenic,  Antimony,  Tin,  Gold,  and  Plati- 
num,! and  the  residue  insoluble  in  ammonium  sulphide 
may  contain  the  Sulphides  of  Lead,  Silver,  Mercury,  Bis- 
muth, Copper,  Cadmium,  Platinum,  Osmium,  Rhodium 
and  Ruthenium  §. 

Examination  of  the  Ammonium  Sulphide  Solution. 

Add  dilute  sulphuric  acid  to  acid  reaction,  and  warm 
until  the  hydrogen  sulphide  is  expelled  ;  this  reprecipi- 
tates  the  sulphides  dissolved  by  the  ammonium  sulphide.  || 

If  the  precipitate  is  pure  white  (milky),  it  is  liberated 
sulphur  ;  in  this  case,  none  of  the  above  mentioned  metals 
can  be  in  solution.^    If  the  precipitate  is  yellow,  orange 


milky  appearance,  ferric  salts,  mang-anic  salts,  permang-anic  acid  or 
chromic  acid,  are  indicated. 

*  It  is  better  to  spread  out  the  filter  in  a  small  porcelain  dish  and 
remove  the  precipitate,  and  then  dig"est  with  ammonium  sulphide  in  the 
dish.  If  the  preliminary  test  has  not  shown  arsenic,  antimony,  etc.,  to 
be  present,  a  small  portion  of  the  precipitate  may  be  tested  with 
ammonium  sulphide  in  a  test  tube. 

t  For  the  detection  of  a  small  amount  of  copper,  potassium  sulphide 
should  be  used,  as  cuprous  sulphide  is  somewhat  soluble  in  ammonium 
sulphide. 

X  With  reference  to  platinum  sulphide,  see  note,  p.  478.  Besides  the 
metals  mentioned,  the  sulphides  of  molybdenum,  tungsten,  vanadium, 
iridium  and  tellurium  are  soluble  in  ammonium  sulphide;  their  detec- 
tion is  given  below.    See:  Qualitative  Separation  of  the  Rare  Elements. 

§  The  detection  of  platinum^and  the  platinum  metals,  is  likewise 
given  below.    Soe  preceding  note. 

II  If  the  precipitate  is  dark  colored,  it  may  be  copper  sulphide,  if  am- 
monium sulphide  was  used;  the  dark  color  may  also  indicate  platinum, 
gold,  molybdenum,  etc. 

Tl  To  detect  traces  of  these  metals,  the  white  precipitate  must  be 
examined  more  minutely. 
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or  dark  colored,  filter,  wash  and  warm  gently  with  a  con- 
centrated solution  of  ammoniu-m  carbonate,  to  which  has 
been  added  a  little  ammonium  hydroxide. 

The  sulphide  of  arsenic  is  dissolved,  and  the  sulphides 
of  antimony,  tin,  etc.,  remain  insoluble. 

To  prove  the  presence  of  arsenic,  acidify  the  ammon- 
ium carbonate  solution  with  hydrochloric  acid,  add  hydro- 
gen sulphide  water,  and  warm.  Filter  out  the  precipitated 
arsenic  sulphide,  dissolve  it  in  concentrated  hydrochloric 
acid,  with  the  addition  of  a  little  potassium  chlorate,  and 
add  an  excess  ef  ammonium  hydroxide.  Filter,  if  neces- 
sary, and  precipitate  the  arsenic  acid  with  magnesium 
chloride  solution.  The  arsenic  may  also  be  detected  as 
follows  :  Dissolve  the  sulphide  in  a  little  ammonium  hy- 
droxide, evaporate  to  dryness  with  potassium  cyanide  and 
sodium  carbonate,  and  then  heat  in  a  closed  tube  ;  ar- 
senic, if  present,  will  be  deposited  on  the  cold  walls  of  the 
tube  in  the  form  of  a  dark  mirror.  To  detect  traces  of  ar- 
senic, use  the  Marsh  test.  In  using  this  test,  however,  it 
is  necessary  to  use  a  sulphate  solution  ;  tliis  may  be  ob- 
tained by  dissolving  the  arsenic  sulphide  in  hydrochloric 
acid  and  potassium  chlorate  and  then  adding  dilute  sul- 
phuric acid. 

Test  the  residue  insoluble  in  ammonium  sulphide, 
either  before  the  blowpipe  on  charcoal  (See  Preliminary 
Tests),  or  dissolve  it  iu  hydrochloric  acid  with  the  addi- 
tion of  a  little  potassium  chlorate,  evaporate  to  dryness, 
dissolve  in  dilute  sulphuric  acid,  and  test  by  Marsh's  test. 
Arsine  is  formed,  which,  when  ignited,  deposits  metallic 
arsenic  on  a  piece  of  cold  porcelain  held  in  the  flame  ;  tin, 
if  present,  will  be  deposited  on  the  zinc.  For  the  recogni- 
tion of  antimony,  test  the  solubility  of  the  spots  in  sodium 
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hypochlorite  (antimony  spots  insoluble,  arsenic  spots 
soluble) . 

To  detect  tin,  warm  the  solution  in  the  flask  with  me- 
tallic iron  (filings  or  wire)  to  reduce  the  stannic  chloride 
to  stannous  chloride  ;  heat  until  the  solution  appears 
green.  Filter,  and  test  the  filtrate  with  mercuric  chloride 
(white  precipitate  of  mercurous  chloride,  or  gray  metallic 
mercury). 

Second  Method  for  the  Separation  of  Arsenic,  Anti- 
mony and  Tin  :  —  Precipitate  the  sulphides  from  the  am- 
monium sulphide  solution  with  a  dilute  acid,  filter,  wash, 
and  warm  with  concentrated  hydrochloric  acid.  The  sul- 
phioes  of  antimony  and  tin  dissolve,  and  the  sulphide  of 
arsenic  remains  insoluble.  To  detect  antimony  in  the 
presence  of  tin,  concentrate  a  small  portion  of  the  solution 
on  a  platinum  foil,  and  add  a  small  piece  of  zinc.  Both 
metals  are  reduced,  and  the  metallic  antimony  produces  a 
black  spot  on  the  platinum.  To  detect  tin,  reduce  the 
rest  of  the  solution  with  zinc  in  a  test-tube  ;  filter,  wash 
the  residue,  and  dissolve  it  in  warm  hydrochloric  acid. 
Test  for  tin  with  mercuric  chloride,  as  given  above. 

To  detect  arsenic  in  the  residue  insoluble  in  concen- 
trated hydrochloric  acid,  the  method  given  above  may  be 
used. 

To  ascertain  whether  the  arsenic  was  present  in  the 
£ivsenous  or  arsenic  state,  the  deportment  of  the  two  with 
magnesium  chloride,  in  the  presence  of  ammonium  chlo- 
ride and  ammonium  hydroxide,  may  be  used  ;  arsenic  acid 
produces  a  white,  crystalline  precipitate,  while  arsenous 
acid  produces  no  precipitate.  If  both  acids  are  present, 
the  arsenous  acid  may  be  precipitated  with  hydrogen  sul- 
phide in  the  filtrate  from  the  ammonium-magnesium  phos- 
phate. 
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To  decide  whether  the  tin  was  present  in  the  original 
compound  in  the  stannous  or  stannic  state,  test  the  solu- 
tion with  mercuric  chloride.  Stannous  chloride  produces 
a  white  precipitate,  while  stannic  chloride  gives  no  pre- 
cipitate. Stannic  tin  also  gives  yellow  stannic  sulphide, 
which  is  soluble  in  ammonium  hydroxide,  while  stannous 
tin  gives  brown  stannous  sulphide,  insoluble  in  ammonium 
hydroxide. 

Gold  and  platinum  may  be  tested  for  as  follows  :  Dis- 
solve the  sulphides  in  aqua  regia,  evaporate  nearly  to  dr}^- 
ness,  dissolve  in  water  and  a  few  drops  of  hydrochloric 
acid  and  precipitate  the  platinum  as  ammonium-platinic 
chloric  with  ammonium  chloride.  Very  small  quantities 
of  platinum  may  be  detected  with  potassium  iodide.  Add 
an  excess  of  the  salt  to  the  platinum  solution  ;  very  small 
amounts  give  a  dark  red  color,  and  a  dark  rose  red  color 
is  produced  with  but  traces  C.OOOl  gram  platinum).  Pre- 
cipitate the  gold  in  the  filtrate  from  the  platinum,  with 
oxalic  acid,  ferrous  sulphate  or  hydroxylamine  hydro- 
chloride. 

Examination  of  the  Residue  Insoluble  in  Ammonium 

Sulphide. 

Warm  the  residue  with  nitric  acid.  If  a  portion  re- 
mains undissolved,*  it  should  be  tested  for  mercury.  Dis- 
solve it  in  aqua  regia,  completely  remove  the  latter  by 
evaporation,  dissolve  the  residue  in  water,  filter  out  the 

*  If  the  residue  is  not  treated  long  enough  with  nitric  acid,  a  dark 
residue  of  sulphides  mixed  with  sulphur,  may  remain.  li  the  residue  is 
yellow  or  gray,  it  is  sulphur;  a  white,  purverulent  residue  indicates  lead 
sulphate  The  latter  is  soluble  in  warm  ammonium  acetate  or  tartrate. 
Under  certain  conditions,  the  residue  insoluble  in  nitric  acid  may  con- 
tain platinum  sulphide,  (See  note  p.  478).  If  platinum  is  suspected,  roast 
a  portion  of  the  sulphide,  which  leaves  metallic  platinum.  Dissolve  in 
aqua  regia.  and  proceed  as  given  above. 
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sulphur  and  add  sodium  hydroxide  until  a  precipitate 
just  forms.  Dissolve  the  precipitate  in  the  least  amount 
of  hydrochloric  acid  necessary,  and  add  a  dilute  solution 
of  potassium  iodide,  drop  by  drop.  If  mercury  is  pres- 
ent, a  red  precipitate  of  mercuric  iodide  is  formed,  soluble 
in  an  excess  of  potassium  iodide.  The  dry  residue  from 
the  aqua  regia  solution  may  also  be  tested  with  stannous 
chloride.    White  or  gray  precipitate."^ 

Add  ammonium  hydroxide  to  the  nitric  acid  solution 
of  the  residue  that  was  insoluble  in  ammonium  sulphide, 
until  alkaline,  and  then  add  dilute  sulphuric  acid,  whether 
the  ammonium  hydroxide  produced  a  precipitate,  or  not. 
This  precipitates  the  lead  as  white  sulphate.  Filter  out 
the  lead  sulphate,  and  add  hydrochloric  acid  to  the  filtrate  ; 
silver,  if  present,  produces  a  white,  fiocculent  precipitate 
of  silver  chloride.  Saturate  the  filtrate  from  the  silver 
chloride  with  ammonium  hydroxide  ;  bismuth  gives  a 
white  jDrecipitate  of  bismuth  hydroxidef.  If  it  is  desired 
to  test  this  precipitate  more  minutely,  filter  it  out,  dry 
and  ignite  until  the  paper  is  burned  off,  mix  with  a  little 


*  Whether  the  mercury  is  contained  in  the  original  solution  in  the 
mercuroits  or  mercuric  condition,  can  be  ascertained  with  hydrochloric 
acid.  Mercurous  salts  give  white  mercurous  chloride.  Mercuric  salts, 
with  stannous  chloride,  give  a  white  or  gray  precipitate.  If  both  forms 
are  suspected,  precipitate  with  hydrochloric  acid,  and  test  the  filtrate 
for  mercuric  salt  with  stannous  chloride. 

For  the  detection  of  minimum  amounts  of  mercury,  the  above 
methods  are  not  suitable.  In  such  a  case  remove  the  free  acid  by  evap- 
oration, dissolve  the  residue  in  water  with  the  addition  of  a  few  drops 
of  sulphuric  acid  and  electrolize  the  solution.  For  the  negative  elec- 
trode use  a  piece  of  gold  foil,  or  a  piece  of  gold  wire,  clean,  and  free 
from  fat.  After  5-10  hours,  disconnect  the  electrode,  wash  with  water 
and  alcohol,  cool  in  a  dessicator  and  place  in  a  closed  tube.  Draw  the 
open  end  out  to  a  capillary  and  warm  the  gold;  the  mercury  condenses 
in  the  capillary  and  can  be  recognized  with  a  lens. 

t  To  detect  very  small  amounts  of  bismuth,  add  a  small  quantity  of 
lead  nitrate,  and  then  add  potassium  iodide,  to  the  weakly  acid  solu- 
tion. An  orange  yellow  to  red  precipitate  is  formed,  according  to  the 
relative  quantities  of  the  lead  and  bismuth. 
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potassium  iodide  and  sulphur,  and  heat  with  the  blowpipe 
on  charcoal.  If  the  precipitate-was  bismuth  hydroxide,  a 
volatile,  scarlet  red  coating  of  bismuth  iodide  will  be  ob- 
tained. 

If  the  solution  contains  copper,  the  filtrate  from  the 
bismuth  hydroxide  will  be  blue*.  To  detect  cadmium  in 
the  presence  of  copper,  add  potassium  cyanide  until  the 
solution  is  docolorized,  and  test  with  hydrogen  sulphide  ; 
cadmium  is  precipitated  as  yellow  sulphide,  while  copper 
remains  in  solution. 

Cadmium  may  also  be  recognized  in  the  presence  of 
copper  by  adding  sodium  thiosulphate  to  the  acid  (hydro- 
chloric or  sulphuric)  solution,  until  the  latter  is  decolor- 
ized. If  the  solution  is  now  boiled  for  a  few  minutes,  all 
the  copper  is  precipitated  as  the  black  sulphide.  The  cad- 
mium may  be  tested  for  in  the  filtrate,  as  given  above. 

The  two  metals  may  also  be  precipitated  with  hydro- 
gen sulphide,  and  the  washed  precipitate  then  warmed 
with  dilute  (1  :5)  sulphuric  acid  ;  cadmium  sulphide  dis- 
solves and  may  be  reprecipitated  with  hydrogen  sulphide. 

Group  IL 

Ammonium  Sulphide  Precipitate. 

Add  ammonium  sulphide  to  the  original  filtrate  from 
the  hydrogen  sulphide  precipitate,  then  add  ammonium 
hydroxide  in  slight  excess,  and  then  add  (whether  the 
ammonium  hydroxide  produces  a  precipitate  or  not)  am- 
monium sulphide,  as  long  as  a  precipitate  is  formed,  and 
warm. 


*  As  a  further  test  for  couper,  acidify  a  portion  of  the  solution 
with  hydrochloric  acid  and  then  add  potassium  ferrocyanide;  copper 
gives  a  red  precipitate  of  copper  ferrocyanide. 


488 


APPENDIX 


The  precipitate  may  contain  :  Sulphides  of  Zinc,  Iron, 
Manganese,  Cobalt,  Nickel,  and  Uranium  ;  Hydroxides  of 
Chromium  and  Aluminum ;  Phosphates  or  Oxalates  of 
Barium,  Strontium  and  Calcium  ;  Calcium  Fluoride,  and 
Ammonium-Magnesium  Phosphate.* 

Filter,  and  wash  the  precipitate,  transfer  it  to  a  test- 
tube,  add  a  cold  mixture  of  1  part  hydrochloric  acid,  and 
3  parts  of  hydrogen  sulphide  water,  and  shake  vigorously. 

If  a  black  residue  remains  insoluble,  nickel  and  cobalt 
may  be  present. f  Test  a  small  portion  of  the  residue  for 
cobalt  in  the  salt  of  phosphorus  bead  (page  471),  A  blue 
coloration  of  the  bead  proves  the  presence  of  cobalt.  Now 
dissolve  the  precipitate  in  aqua  regia,  evaporate  to  dryness 
on  the  water-bath  and  dissolve  the  residue  in  water. 
First  add  potassium  or  sodium  hydroxide  in  slight  excess, 
dissolve  the  resulting  precipitate  in  potassium  cyanide, 
and  add  sodium  hypochlorite  or  bromine-water  ;  a  black 
precipitate  proves  the  presence  of  nickel,  t 

If  cobalt  is  not  present,  nickel  may  be  detected  as  fol- 
lows :    Expel    the    aqua  regia  by  evaporation,  dissolve 


*  The  compounds  of  barium,  strontium  and  calcium  with  boric  acid, 
arsenic  acid  and  tartaric  acid,  are  but  partly  or  not  at  all  precipitated, 
and  are  therefore  not  considered  here.  If  arsenic  acid  is  present,  it 
will  have  been  detected  and  separated  in  testing  the  hydrogen  sulphide 
precipitate, 

t  If  nickel  is  present,  it  is  shown  by  the  brown  color  of  the  filtrate 
from  the  nickel  sulphide,  especially  if  an  excess  of  ammonium  hydrox- 
ide and  yellow  ammonium  sulphide  were  used.  Acidify  the  solution 
with  acetic  acid,  evaporate  to  dryness,  dissolve  the  residue  in  dilute 
acetic  acid,  and  collect  the  residual  nickel  sulphide  on  a  special  filter. 

X  Another  method  for  separating  nickel  and  cobalt,  which  is  suita- 
ble for  quantitative  work,  depends  upon  the  separation  of  the  former  as 
cobalt-potassium  nitrite.  First  expel  the  aqua  regia  by  evaporation, 
dissolve  the  residue  in  a  few  drops  of  water,  add  potassium  or  sodium 
hydroxide  in  slight  excess,  and  then  dissolve  the  resulting  precipitate 
in  concentrated  acetic  acid.  Add  a  saturated  solution  of  potassium  ni- 
trite which  has  previously  been  acidified  with  acetic  acid.  After 
standing  for  12  hours,  filter  out  the  cobalt-potassium  nitrite,  and  pre- 
cipitate the  nickel  in  the  filtrate  by  adding  an  excess  of  potassium  or 
sodium  hydroxide. 
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the  residue  in  water  and  add  sodium  hydroxide.  Nickel 
gives  a  green  precipitate  of  nickelous  hydroxide. 

If  cobalt  has  previously  been  shown  to  be  present, 
nickel  may  be  tested  for  as  follows  :  Evaporate  the  excess 
of  acid,  neutralize  with  sodium  carbonate,  and  add  potas- 
sium cyanide  until  the  precipitate  dissolves  ;  on  adding 
bromine-water  or  freshly  prepared  sodium  hypochlorite, 
and  warming  for  some  time,  the  nickel  will  be  precipitated 
as  a  black,  hydrated  nickel  hydroxide,  while  cobalt  re- 
mains in  solution  as  potassium-cobalt  cyanide. 

Add  nitric  acid  to  the  hydrochloric  acid  solution  of 
the  sulphide  precipitate,  boil,  and  then  cool  and  add  bro- 
mine-water* until  the  solution  is  colored  brown.  Super- 
saturate with  sodium  carbonate,  warm  gently  for  a  few 
minutes  and  then  filterf. 

The  filtrate  may  contain  :  Chromium  (as  sodium 
chromate)  and  uranium  as  sodium-uranyl  carbonate  (pale- 
3rellow,  flocculent,  Ur02C03  .  2Na2C03). 

The  residue  may  contain:  Hydroxides  of  zinc,  iron, 
manganese,  and  aluminum,  alkaline  earth  phosphates  or 
oxalates,  calcium  fluoride  and  magnesium-ammonium 
phosphate. 

Acidify  the  filtrate  with  hydrochloric  acid,  concen- 
trate by  evaporation,  add  alcohol  and  boil  to  reduce 
chromic  acid  to  chromic  chloride.  Now  add  an  excess  of 
sodium  carbonate.    If  a  green  or  grayish  blue  precipitate 

*  Heating-  with  bromine-water  is  for  the  purpose  of  oxidizing-  the 
chromium  to  chromic  acid,  for  its  separation  from  the  other  metals.  If, 
therefore,  chromium  is  not  present,  this  operation  may  be  omitted. 

t  If  the  solution  contains  oxalic  acid,  and  is  heated  too  long,  or  the 
temperature  is  too  high,  oxalic  acid  (as  sodium  oxalate)  may  pass  into 
the  alkaline  solution,  and  the  uranium  may  also  be  precipitated,  owing- 
to  decomposition  of  the  soluble  double  compound. 

If  the  solution  contains  manganese,  a  portion  of  it  will  be  oxidized 
to  permanganic  acid,  and  will  color  the  filtrate  red.  In  the  subsequent 
test  for  chromium,  a  little  manganese  hydroxide  will  also  be  precipi- 
ated. 
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is  formed,  chromium  is  present.*  Filter  out  the  precipi- 
tate, acidify  the  filtrate  with  hydrochloric  acid  and  add 
potassium  ferrocyanide.  A  brownish  red  precipitate 
proves  the  presence  of  uranium. 

If  uranium  is  not  to  be  tested  for,  and  it  is  only  a 
question  of  testing  for  chromium  in  the  presence  of  iron, 
proceed  as  follows  :  Free  the  solution  from  acid  as  much 
as  possible  and  pour  into  a  solution  of  potassium  perman- 
ganate saturated  with  sodium  carbonate.  Heat  to  boiling, 
and  reduce  the  excess  of  permanganate  with  a  little  alco- 
hol. Filter  out  the  precipitate,  consisting  of  the  hydrox- 
ides of  iron,  aluminum,  manganese,  etc.  In  the  presence 
of  large  quantities  of  chromium,  the  filtrate  will  be  col- 
ored strongly  yellow  with  sodium  chromate.  Acidify  the 
filtrate  with  hydrochloric  acid,  and  add  a  freshly  prepared 
solution  of  potassium  iodide.  Free  iodine  is  liberated, 
and  may  be  extracted  by  shaking  out  with  chloroform  or 
carbon  bisulphide,  and  then  identified.  If  the  filtrate  is 
not  colored  yellow,  owing  to  but  a  small  amount  of 
chromium  being  present,  first  concentrate  by  evaporation, 
acidify,  and  then  test  the  solution  by  transferring  a  drop 
to  a  small  portion  of  starch  which  has  previously  been 
moistened  with  a  fresh  solution  of  potassium  iodide. 
Formation  of  blue  iodide  of  starch  proves  the  presence 
of  chromium. 

Dissolve  the  residue  of  zinc,  iron,  etc. ,  in  the  least 
amount  of  hydrochloric  acid  necessary,  and  test  a  small 
portion  of  the  solution  for  phosphoric  acid,  with  ammon- 
ium nitrate  and  ammonium  molybdate.  Phosphoric  acid 
gives  a  bright  yellow  precipitate. 

*  If  the  color  of  the  precipitate  is  not  g-reen  or  grayish-blue  (e.  g"., 
if  it  is  contaminated  with  mang-anese  hydroxide),  fuse  the  precipitate 
with  sodium  carbonate  and  potassium  nitrate,  or  a  platinum  foil.  (Yel- 
low fuse  of  potassium  chromate.) 
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Test  another  portion  of  the  solution  for  oxalic  acid. 
For  this  purpose,  add  an  excess. of  sodium  carbonate,  and 
boil  for  some  time.  Filter,  acidify  the  filtrate  with  acetic 
acid,  and  test  for  oxalic  acid  with  calcium  chloride.  White 
precipitate. 

To  test  for  fluorine,  use  the  original,  solid  substance. 
Use  either  the  etching  test  with  sulphuric  acid,  or  mix  a 
sample  of  the  substance  with  silica,  transfer  to  a  test-tube 
and  treat  with  concentrated  sulphuric  acid.  On  holding  a 
moistened  glass  rod  over  the  edge  of  the  test-tube,  the 
silicon  tetrafiuoride  is  decomposed,  and  silica  is  deposited 
as  a  white  film  on  the  glass  rod. 

If  neither  phosphoric  acid,  oxalic  acid,  or  hydrofluoric 
acid  are  present,  add  ammonium  chloride  and  ammonium 
hydroxide  to  the  rest  of  the  hydrochloric  acid  solution,  and 
warm.  If  a  pure  white  precipitate  is  formed,  it  can  be  only 
aluminum;  if  the  precipitate  is  colored  red,  iron  is  also 
present.  To  detect  both  metals,  dissolve  the  precipitate  in 
hydrochloric  acid,  and  test  a  portion  of  the  solution  for  iron 
with  potassium  sulphocyanate  or  potassium  ferrocyanide. 
Add  an  access  of  barium  hydroxide'^"  to  the  rest  of  the  solu- 
tion, boil,  filter  off  the  resulting  precipitate  of  ferric  hy- 
droxide, and  precipitate  the  aluminum  in  the  filtrate  by 
boiling  with  ammonium  chloride. 

Filter  out  the  aluminum  hydroxide,  acidify  with  acetic 
acid  and  pass  hydrogen  sulphide,  to  precipitate  zinc  and 
manganese.  If  a  white  precipitate  is  formed  after  standing 
for  some  time,  it  is  zinc  sulphide;  filter  it  out,  add  ammon- 
ium hydroxide  to  alkaline  reaction  and  then  add  a  few  drops 

*  Barium  hydroxide  is  preferable  to  potassium  or  sodium  hydrox- 
ide, as  the  latter  are  difficult  to  prepare  in  a  pure  stato,  and  generally 
contain  silica  and  alumina. 
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of  ammonium  sulphide,  to  precipitate  the  manganese.  A 
flesh  colored,  or  green  precipitate  of  manganous  sulphide 
proves  the  presence  of  manganese.* 

If  the  substance  contains  phosphoric  acid  or  oxalic  acid, 
proceed  as  follows: 

First  test  a  small  portion  of  the  solution  for  iron,  with 
potassium  ferrocyanide  or  sulphocyanate.  Dilute  the  rest 
of  the  solution  strongly  with  water,  add  ferric  chloride  un- 
til the  solution  is  colored  yellow,  neutralize  the  free  acid 
with  sodium  carbonate  until  there  is  a  slight  precipitate. 
Now  acidify  the  solution  with  acetic  acid,  stir,  add  solid 
sodium  acetate  (1-2  grams  will  be  sufiicient,  unless  an  ex- 
cessive amount  of  ferric  chloride  was  used),  and  heat  to  boil- 
ing. The  precipitate  contains  all  of  the  phosphoric  acid  as 
ferric  phosphate  together  with  basic  ferric  acetate;  if  alum- 
inum is  present,  it  will  also  be  precipitated  as  basic  alum- 
inum acetate.  For  the  identification  of  aluminum,  proceed 
as  given  above. 

If  the  solution  contains  oxalates,  they  may  also  be  pre- 

*  The  precipitate  should  be  further  tested  by  fusion  on  a  platinum 
foil  with  sodium  carbonate  and  potassium  nitrate.  (Green  fuse  of  potas- 
sium manganate.) 

If  but  traces  of  manganese  are  present,  ammonium  sulphide  forms  a 
precipitate  of  manganous  sulphide  only  after  standing  for  some  time. 
To  confirm  the  presence  of  traces  of  manganese,  add  sodium  carbonate 
and  potassium  nitrate  to  the  ammonium  sulphide  solution,  evaporate  to 
dryness  and  fuse  the  residue  (green  fuse  of  potassium  manganate). 

The  manganese  may  be  present  in  the  original  substance  as  man- 
ganous oxide,  manganic  oxide,  trimanganese  tetroxide,  manganese  per- 
oxide, manganic  acid  or  permanganic  acid.  The  first  2  forms  mav  be 
distinguished  by  precipitation  with  potassium  hydroxide  (manganous 
hydroxide,  white). 

If  the  original  substance  is  soluble  in  water,  and  evolves  chlorine 
when  warmed  with  hydrochloric  acid,  manganic  oxide,  trimanganese 
tetroxide,  or  manganese  peroxide,  is  present.  (These  substances  can- 
not be  further  distinguished  qualitatively.) 

Alkaline  manganates  are  decomposed  by  acids,  and  the  green  color 
of  the  solution  changes  to  red: 

3H2MnO,  =  H2Mn03-|-2HMn04-!-H20. 

Permanganic  acid  can  be  recognized  by  its  deportment  with  reduc- 
ing agents,  e.  g.,  sulphurous  acid;  the  red  solution  is  decolorized: 
2KMn04  -1-  5H2SO3  =  2MnS04     2KHSO4  -j-  H2SO4  -h  m^O. 
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cipitated  with  the  ferric  phosphate.  If  the  preliminary  test 
showed  oxalic  acid  to  be  present,  boil  the  iron  precipitate 
for  some  time  with  sodium  carbonate;  filter,  wash  the  pre- 
cipitate with  water,  dissolve  it  in  hydrochloric  acid,  precip- 
itate the  iron  and  aluminum  with  ammonium  hydroxide,  and 
test  the  filtrate  for  the  alkaline  earths,  as  given  under 
Group  IIL 

Acidify  the  filtrate  from  the  basic  iron-aluminum  acetate 
precipitate,  with  acetic  acid,  and  add  hydrogen  sulphide. 
Filter  out  the  white  precipitate  of  zinc  sulphide,  and  test  the 
filtrate  for  manganese  with  ammonium  hydroxide  and  am- 
monium sulphide.  The  manganous  sulphide  may  be  further 
tested  by  fusion  with  sodium  carbonate  and  potassium  ni- 
trate. Acidify  the  filtrate  from  the  manganous  sulphide 
with  hydrochloric  acid,  boil  until  the  odor  of  hydrogen  sul- 
phide is  gone,  filter  out  the  sulphur,  add  ammonium  hydrox- 
ide to  alkaline  reaction,  and  precipitate  the  alkaline  earths 
by  boiling  with  ammonium  carbonate.  Test  the  precipitate 
for  barium,  strontium  and  calcium,  as  given  under  Group 
IIL  Precipitate  the  magnesium  in  the  filtrate  from  the 
earth  carbonates,  with  sodium  phosphate.    See  Group  IV* 

Second  Method  in  the  Presence  of  Phosphoric  and  Oxa- 
lic Acids: — Dissolve  the  residue  in  hydrochloric  acid,  and  add 
dilute  sulphuric  acid  and  alcohol;  filter  out  the  sulphates, 
wash  with  dilute  alcohol  and  boil  for  some  time  with  a  con- 
centrated solution  of  sodium  carbonate.  The  residue  con- 
tains the  alkaline  earths  as  carbonates.  Filter  out  the  pre- 
cipitate, wash  with  water  and  dissolve  in  dilute  acetic  acid. 
Test  this  solution  as  given  under  Group  IIL 

Test  the  filtrate  from  the  sulphates,  for  irou,  aluminum, 
zinc,  manganese  and  magnesium.  This  solution  also  con- 
tains the  phosphoric  and  oxalic  acids,  if  they  are  present. 
Expel  the  alcohol  by  boiling,  and  add  ammonium  hydroxide 
in  excess. 
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The  precipitate  may  contain  iron,  aluminum,  and  mag- 
nesium as  phosphates;  the  filtrate  may  contain  manganese 
and.  zinc.  Boil  the  precipitate  with  barium  hydroxide  and  fil- 
ter. The  filtrate  contains  the  alumina,  which  may  be  pre- 
cipitated with  ammonium  chloride. 

Dissolve  the  residue  insoluble  in  barium  hydroxide  in 
hydrochloric  acid.  Add  ammonium  hydroxide,  filter  out 
any  precipitate  of  ferric  hydroxide,  and  precipitate  the  mag- 
nesium as  phosphate,  with  sodium  phosphate. 

The  filtrate  containing  the  manganese  and  zinc,  may  be 
examined  as  given  above. 

Group  III. 

Ammonium  Carbonate  Precipitate. 

Add  hydrochloric  acid  to  the  filtrate  from  the  ammon- 
ium sulphide  precipitate,  to  acid  reaction,  boil,  to  expel 
the  hydrogen  sulphide,  and  filter.  Add  ammonium  hy- 
droxide to  alkaline  reaction,  then  add  ammonium  chloride 
and  ammonium  carbonate  in  excess,  and  heat  to  boiling. 

The  precipitate  may  contain  Barium,  Strontium  and 
Calcium  Carbonates. 

Filter  out  th6  precipitate,  wash  it  w^itli  water,  and  dis- 
solve in  dilute  acetic  acid.  Dilute  the  solution  with  wa- 
ter and  add  potassium  chromate,  drop  by  drop.  If  a  yel- 
low precipitate  is  formed  (barium  chromate),  the  presence 
of  barium  is  indicated.  Filter  oat  the  barium  chromate, 
dilute  with  water,  and  test  for  strontium  w^itli  dilute  sul- 
phuric acid.  If  strontium  is  present,  a  white  precipitate 
of  strontium  sulphate  will  be  formed*.  Calcium  may  be 
tested  for  in  the  filtrate  from  the  strontium  sulphate,  by 

*  To  detect  traces  of  strontium,  the  solution  must  be  allowed  to 
stand  for  some  time. 
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neutralizing  with  ammonium  hydroxide  and  adding  am- 
monium oxalate  ;  calcium,  if  pi'esent,  separates  as  white 
calcium  oxalate,  insoluble  in  acetic  acid. 

Second  Method  : — The  following  method  may  also  be 
used  for  testing  for  barium,  strontium  and  calcium.  Pre- 
cipitate the  alkaline  earths  with  ammonium  carbonate, 
dissolve  the  precipitate  in  hydrochloric  acid,  evaporate  to 
dryness  and  extract  the  residue  with  absolute  alcohol. 
Barium,  if  present,  remains  insoluble  as  barium  chloride, 
and  after  filtering  and  washing  with  absolute  alcohol, 
may  be  further  tested.  The  alcoholic  solution  contains 
strontium  and  calcium  chlorides.  Evaporate  to  dryness, 
add  concentrated  nitric  acid  to  the  residue,  and  evaporate 
again,  to  form  nitrates.  Extract  the  residue  with  abso- 
lute alcohol ;  strontium  nitrate  remains  insoluble  and 
may  be  filtered  out,  washed  with  absolute  alcohol  and 
farther  tested  (e.  g.,  flame  coloration).  Expel  the  alco- 
hol from  the  filtrate,  dissolve  the  residue  in  water,  and 
test  for  calcium  w^ith  ammonium  oxalate,  as  given  above. 

Group  IV. 

Test  a  portion  of  the  filtrate  from  the  carbonate  pre- 
cipitate of  Group  III  with  sodium-ammonium  phosphate. 
If  magnesium  is  present,  a  white,  crystalline  precipitate 
of  Ammonium-Magnesium  Phosphate  will  be  formed. 
Dilute  solutions  must  be  allowed  to  stand  for  some  time. 

Group  V. 

If  magnesium  is  present,  it  must  be  removed  before 
testing  for  the  alkalies.*    If  the'  solution  contains  sul- 

*  The  following  method  for  separating-  mag-nesium,  proposed  by  the 
author  for  the  quantitative  separation  of  magnesium  from  the  alkalies 
(also  applicable  in  the  presence  of  sulphuric  acid),  may  be  used.  First 
volatilize  the  ammonium  salts  by  g-entle  ig-nition,  dissolve  the  residue  in 
dilute  hydrochloric  acid,  and  evaporate  to  dryness  on  the  water-bath  to 
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pliuric  acid,*  evaporate  the  remainder  of  the  filtrate  from  . 
Group  III  to  dryness,  without  adding  sodium  phosphate, 
and  volatilize  the  ammonium  salts  by  gentle  ignition. 
Dissolve  the  residue  in  water,  add  barium  hydroxide  to 
alkaline  reaction,  and  boil.  Filter  out  the  precipitate  of  mag- 
nesium hydroxide  and  barium  sulphate,  and  add  ammon- 
ium hydroxide  and  ammonium  carbonate,  to  remove  the 
excess  of  barium.  Filter  out  the  barium  carbonate,  evap- 
orate the  filtrate  to  dryness,  and  volatilize  the  ammonium 
salts  by  gentle  ignition.  The  residue  contains  the  alkalies 
in  the  form  of  carbonates  ;  add  hydrochloric  acid  and 
evaporate  to  dryness,  to  form  chlorides. 

If  the  filtrate  from  the  alkaline  earth  carbonates  does 
not  contain  sulphuric  acid,  the  following  method  for  sep- 
arating magnesium,  may  be  used.  Evaporate  the  filtrate 
to  dryness,  and  expel  the  ammonium  salts  by  gentle  igni- 
tion. To  the  residue  add  about  4  times  its  weight  of  ox- 
alic acid  or  ammonium  oxalate,  and  re-ignite.  This  forms 
magnesium  oxalate,  which  is  ignited  to  magnesium  car- 
bonate and  then  to  magnesium  oxide,  while  the  alkalies 
remain  as  carbonates.  Digest  with  water,  filter  out  the 
insoluble  magnesium  oxide,  add  a  little  hydrochloric  acid 
to  the  filtrate  and  evaporate  to  dryness.  The  residue  con- 
tains chlorides  of  the  alkalies. 

If  no  magnesium  is  present,  evaporate  the  filtrate 

expel  the  free  acid.  Dissolve  the  salts  in  about  25  cc.  of  water,  add  an 
equal  volume  of  ammonium  oxalate,  heat  to  boiling-,  and  add  an  excess 
of  concentrated  acetic  acid.  This  precipitates  all  of  the  magnesium  as 
crystalline  magnesium  oxalate.  If  but  a  small  amount  of  magnesium  is 
present,  the  precipitate  forms  only  after  some  time.  In  all  cases,  the 
liquid  should  be  allowed  to  stand  in  a  warm  place  for  several  hours. 
Filter,  concentrate  the  filtrate,  and  test  for  the  alkalies. 

*  To  test  for  sulphuric  acid,  acidify  a  small  portion  with  hydro- 
chloric acid,  and  add  barium  chloride.  Sulphuric  acid  g-ives  a  white 
precipitate  of  barium  sulphate. 
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from  the  alkaline  earth  carbonates  to  dryness,  ignite 
gently,  dissolve  the  residue  in  water  with  the  addition  of 
a  few  drops  of  hydrochloric  acid,  and  evaporate  to  chlo- 
rides. 

The  residue  obtained  by  either  of  the  above  methods, 
should  first  be  tested  on  a  platinum  wire  before  the  blow- 
pipe or  in  the  non-luminous  gas  flame.  If  potassium  (ru- 
bidium or  caesium)  is  present,  the  flame  will  be  colored 
violet ;  lithium  colors  the  flame  carmine  red,  and  sodium 
intensely  yellow. 

If  the  residue  is  a  mixture  of  the  alkalies,  the  col- 
ors peculiar  to  potassium  and  lithium  will  be  obscured  by 
sodium,  even  if  the  latter  is  present  in  small  amount.  To 
detect  j)otassium  in  the  presence  of  sodium,  in  such  a 
case,  dissolve  the  alkaline  chlorides  in  a  little  water,  and 
precipitate  the  potassium  with  platinic  chloride  and  alco- 
hol. Filter  out  the  precipitate,  evaporate  the  filtrate  to 
dryness  and  ignite  in  a  porcelain  crucible.  Dissolve  the 
residue  in  water,  filter,  and  evaporate  to  dryness  on  a 
watch  glass.  If  sodium  is  present,  small  cubes  of  sodium 
chloride  will  crystallize  out.  If  potassium  is  also  present, 
it  may  be  detected  by  observing  the  flame  coloration 
through  a  cobalt  glass,  or  it  may  be  recognized  in  a  spec- 
troscope. 

For  the  detection  of  lithium  in  the  presence  of  sodium 
and  potassium,  treat  the  alkaline  chlorides  with  a  niixture 
of  alcohol  and  ether  ;  the  lithium  chloride  dissolves,  while 
the  other  chlorides  remain  insoluble.  Evaporate  the 
ether-alcohol  solution  to  dryness,  and  test  the  residue  on 
a  platinum  wire  in  the  non-luminous  gas  flame  (carmine 
red  coloration),  or  in  the  spectroscope. 

For  the  detection  of  caesium  and  rubidium  in  the 


498 


APPENDIX 


presence  of  potassium,  sodium  or  lithium,  add  a  few  drops 
of  hydrochloric  acid  to  the  chlorides,  and  extract  with 
strong  alcohol ;  the  most  of  the  potassium  and  sodium 
chlorides  remain  undissolved.  Evaporate  the  alcoholic 
extract  to  dryness,  dissolve  the  residue  in  a  little  water 
and  precipitate  with  platinic  chloride.  The  precipitate 
consists  of  potassium,  rubidium  and  caesium-platinic 
chlorides.  The  separation  of  these  compounds  depends 
upon  the  solubility  of  potassium  platinic-chloride  in  water. 
Boil  the  precipitate  repeatedly  with  small  quantities  of 
water,  and  test  the  residue  with  the  spectroscope,  for 
caesium  and  rubidium. 

To  test  for  ammonia,  place  some  of  the  original 
substance  in  a  test-tube,  add  sodium  hydroxide  and  warm 
gently.  The  liberated  ammonia  may  be  recognized  by 
its  characteristic  odor,  as  well  as  by  the  white  fumes  of 
ammonium  chloride  formed,  when  a  glass  rod,  moistened 
with  hydrochloric  acid,  is  held  near  the  mouth  of  the  test- 
tube*. 


*  To  detect  slight  traces  of  ammonia  (e.  g.  ammonium  compounds  in 
drinking-  water),  a  solution  of  potassium -mercuric  iodide  (Nessler's  re- 
agent), may  be  used.  This  reagent  is  prepared  as  follows:  Dissolve  2 
grams  of  potassium  iodide  in  5  cc.  of  water,  warm,  and  add  sufficient 
mercuric  iodide  so  that  a  portion  remains  undissolved.  After  cooling, 
dilute  wiih  about  20  cc.  of  water,  filter,  and  add  30  cc  of  concentrated 
potassium  hydroxide  for  each  20  cc.  of  the  filtrate.  This  alkaline  solu- 
tion, when  added  to  a  solution  containing  ammonium  hydroxide  or  an 
ammonium  salt,  produces  a  reddish  brown  precipitate  of  nitrogen  di- 
mercuric  iodide.  If  but  very  slight  traces  •  of  ammonia  are  present, 
the  reag"ent  produces  a  yellow  color. 
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Qualitative  Separation  of  the  Rare  Elements. 

As  indicated  on  pages  479  and  482,  on  treating  the 
hydrogen  sulphide  precipitate  with  ammonium  sulphide, 
the  sulphides  of 

Molybdenum, 

Iridium, 

Selenium, 

Tellurium, 

Tungsten*,  and 

Vanadium*, 

may  be  dissolved,  with  the  sulphides  of  arsenic,  anti- 
mony, tin,  platinum  and  gold,  or  be  precipitated  by  acidi- 
fying the  ammonium  sulphide  solution  with  dilute  sul- 
phuric acid. 

To  detect  iridium,  dissolve  the  iridium  sulphide  in 
aqua  regia,  evaporate  the  acid  and  add  alcohol,  which 
precipitates  the  iridium  as  brownish  red  ammonium-irid- 
ium  chloride.  The  latter  precipitate,  after  ignition,  leaves 
a  residue  of  metallic  iridium.  If  platinum  is  also  pres- 
ent, it  is  precipitated  with  the  iridium,  and  forms  metal- 
lic platinum  on  ignition.  Treat  the  jnetals  with  dilute 
aqua  regia;  platinum  is  dissolved,  and  iridium  remains 
insoluble  f. 

For  the  detection  of  molybdenum,  first  heat  a  small 
portion  of  the  sulphide  before  the  blowpipe  is  charcoal ; 

*  See  note,  page  479. 

t  For  the  separation  of  platinum  and  gold,  from  arsenic,  antimony 
and  tin,  L.  de  Koninck  recommends  to  heat  the  precipitate  of  sulphides 
in  a  current  of  hydrochloric  acid  gas;  antimony  and  tin  volatilize  as 
chlorides,  and  condense  in  the  absorption  flask;  arsenic  volitilizes  as 
the  sulphide  (mixed  with  sulphur),  while  gold  and  platinum  remain  be- 
hind. The  arsenic  sulphide  may,  therefore,  be  separated  from  anti- 
mony and  tin,  by  filtering  the  solution. 
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molybdenum  forms  a  yellow,  crystalline  coating,  which 
appears  white  on  cooling. 

Dissolve  the  remainder  of  the  molybdenum  sulphide 
in  nitric  acid,  and  test  the  solution  for  molybdenum.* 

Tellurium  sulphide  is  changed  to  tellurous  acid  by 
treatment  with  nitric  acid;  on  boiling  the  solution,  the 
tellurous  acid  separates  out  in  a  crystalline  form.  By 
heating  the  precipitate  in  the  reducing  flame  of  the  blow- 
pipe on  charcoal,  metallic  tellurium  is  obtained,  which, 
like  antimony,  again  oxidizes  and  forms  a  white  coating 
of  tellurous  acid.  Tellurium  may  also  be  identified  by 
the  wine  red  color  produced  when  potassium  cyanide  is 
added  to  the  aqueous  solution  of  tellurous  acid. 

To  detect  selenium,  its  deportment  before  the  blow- 
pipe on  charcoal,  may  be  used.  Selenium  compounds, 
when  heated  in  the  reducing  flame  of  the  blowpipe,  evolve 
the  odor  of  decaying  radishes.  When  selenium  sulphide 
is  treated  with  nitric  acid,  selenous  acid  is  formed. 
Evaporate  the  nitric  acid,  and  add  sulphurous  acid  ;  selen- 
ium precipitates  in  the  form  of  a  bright  red  powder,  which 
becomes  gray  if  the  solution  is  warmed. 

The  separation  of  selenium  from  tellurium  depends 
upon  their  different  deportment  with  potassium  cyanide. 
When  both  substances  are  fused  with  potassium  cyanide, 
and  the  fuse  is  extracted  with  water,  double  cyanides  are 
formed,  tellurium-potassium  cyanide,  and  selenium-potas- 
sium cyanide.  If  a  current  of  air  is  passed  through  the 
solution,  tellurium  is  precipitated,  and  the  selenium  may 

*  Evaporate  the  nitric  acid  solution  to  dryness,  dissolve  the  residue 
in  hydrochloric  acid,  add  potassium  thiocyanate  and  a  small  piece  of  zinc. 
The^nolybdic  acid  is  reduced,  and  compounds  of  molybdenum  with  the 
thiocyanoo-en  are  formed,  which  color  the  solution  carmine  red. 

Or,  heat  the  residue  from  the  nitric  acid  solution  with  a  few  drops 
of  concentrated  sulphuric  acid  and  then  add  a  few  drops  of  alcohol. 
Molybdenium  forms  a  lasure  blue  color,  after  cooling. 
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be  precipitated  in  the  filtrate,  by  boiling  for  some  time 
with  dilute  hydrochloric  acid. 

For  the  detection  of  tungsten,*  oxidize  the  tungsten 
sulphide  to  tungstic  acid,  with  nitric  acid,  and  fuse  the 
tungstic  acid  with  sodium  carbonate,  which  forms  sodium 
tungstate.  Dissolve  the  fuse  in  water,  and  add  stannous 
chloride  ;  a  yellow  precipitate  is  formed,  which  becomes 
blue  on  heating  with  hydrochloric  acid.  If  but  a  small 
amount  of  stungstic  acid  is  used,  test  in  the  salt  of  phos- 
phorus bead.    See  page  471. 

To  detect  tungsten  in  the  presence  of  tin,  mix  the  2 
oxides  with  twice  their  weight  of  zinc  dust,  and  ignite 
for  about  15  minutes  in  a  covered  porcelain  crucible. 
Warm  the  residue  with  dilute  hydrochloric  acid  as  long  as 
an  evolution  of  hydrogen  takes  place,  and  then  gradually 
add  potassium  chlorate.  This  oxidizes  the  tungsten  to 
tungstic  acid,  which  separates  out  as  a  yellow  precipitate. 
Dilute  with  water,  allow  to  stand  for  24  hours,  lilter,  and 
wash  the  tungstic  acid  with  dilute  nitric  acid.  After  ex- 
pelling the  nitric  acid  in  the  filtrate  by  evaporation,  dis- 
solve in  hydrochloric  acid  and  test  for  tin  as  given  above,  f 

Tungsten  and  molybdenum  may  be  separated  by  dis- 
solving the  sulphides  in  nitric  acid  ;  the  tungstic  acid  re- 
mains insoluble,  and  molybdic  acid  dissolves. 

For  the  detection  of  vanadium,  heat  the  sulphide  with 
nitric  acid,  and  evaporate  to  dryness.    The  residue  con- 

*  As  mentioned  above,  tungsten  and  vanadium  are  not  precipitated 
direct  by  hydrogen  sulphide,  and  in  examining-  the  ammonium  sulphide 
solution,  it  is  necessary  to  consider  these  elements  only  when  the  pre- 
cipitate has  been  dig-ested  with  ammonium  sulphide,  or  when  the  sub- 
stance has  been  decomposed  by  direct  fusion  with  sodium  carbonate  and 
sulphur,  If  this  is  not  the  case,  tungsten  and  vanadium  will  be  found  in 
the  tiltrate  from  the  ammonium  sulphide  precipitate,  and  may  be  pre- 
cipitated by  the  addition  of  dilute  hydrochloric  acid. 

t  Donath  u.  Muellner,  Oest.  Zeit.  f.  Berg.-u.  Huettenwesen,  Vol 
.35,  p.  614. 
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tains  vanadic  acid.  Salt  of  phosphorus  dissolves  it  in 
the  oxidizing  flame,  to  a  clear  bead,  which  becomes  a 
beautiful  green,  when  heated  in  the  reducing  flame. 

If  vanadic  acid  is  dissolved  in  ammonium  hydroxide, 
and  solid  ammonium  chloride  added,  ammonium  vanadate 
separates  out.  This  deportment  of  vanadium  may  be  used 
for  its  separation  from  tungstic  acid.  Filter  out  the  am- 
monium vanadate,  and  separate  the  tungstic  acid  in  the 
filtrate  by  evaporating  with  hydrochloric  acid. 

The  residue  insoluble  in  ammonium  sulphide,  may 
contain  sulphides  of  the  following  metals,  as  well  as  those 
considered  in  the  systematic  scheme  : 

Palladium, 

Rhodium, 

Ruthenium,  and 

Osmium. 

Fuse  the  sulphides  with  a  mixture  of  potassium  hy- 
droxide and  potassium  chlorate,  and  digest  the  fuse  with 
water.  Potassium  osmiate  and  potassium  ruthenate  dis- 
solve. Filter  out  the  insoluble  portion  of  the  fuse  and 
wash  with  water.  Neutralize  the  filtrate  exactly  with 
nitric  acid,  which  precipitates  ruthenium  oxide  as  a  black 
precipitate.  Add  an  excess  of  nitric  acid  to  the  filtrate 
and  distil ;  osmic  acid  distils  over,  and  may  then  be  tested 
for. 

Ignite  the  residue  that  was  insoluble  in  water,  in  a 
current  of  hydrogen,  which  reduced  rhodium  and  pallad- 
ium to  the  metallic  state.  Treat  the  2  metals  with  warm 
aqua  regia  ;  palladium  dissolves  and  rhodium  remains  in- 
soluble. 

The  ruthenium  oxide  precipitated  with  nitric  acid 
may  be  further  tested  as  follows  :  Dissolve  the  precipitate 
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in  hydrochloric  acid,  which  gives  an  orange  yellow  col- 
ored solution.  Pass  hydrogen-sulphide  into  this  solution 
until  it  is  colored  black,  and  then  filter  ;  the  filtrate  will 
have  a  beautiful  blue  color,  if  ruthenium  is  present.  If 
potassium  nitrite  is  added  to  the  uranium  solution,  a  sol- 
uble double  salt  is  formed  ;  now  add  ammonium  hydrox- 
ide to  alkaline  reaction,  and  then  add  ammonium  sul- 
phide, which  produces  a  carmine  red  solution.  An  ex- 
cess of  ammonium  sulphide  precipitates  ruthenium  sul- 
phide. 

Osmic  acid  is  characterized  especially  by  the  chlorine- 
like odor  that  is  evolved  when  the  acid  is  heated  with 
nitric  acid.  Osmic  acid  may  be  reduced  to  metallic 
osmium  by  hydrogen  ;  the  metallic  osmium  evolves  the 
same  odor  when  it  is  heated.  When  sodium  sulphite  is 
added  to  a  solution  of  osmic  acid,  the  liquid  first  becomes 
bluish  violet ;  after  further  action,  dark  blue  osmous  sul- 
phite separates  out. 

The  rhodium  obtained  by  reduction  in  hydrogen  may 
be  brought  into  solution  by  repeated  fusion  with  potassium 
acid  sulphate.  On  boiling  this  solution  with  hydrochloric 
acid,  rhodium  chloride  is  formed,  which  colors  the  solu- 
tion rose  red.  If  potassium  hydroxide  is  added  to  the 
solution,  no  change  is  noticed  at  first,  but  the  color  soon 
changes  to  yellow,  and  finally  a  yellow  precipitate  separ- 
ates out ;  the  precipitate  becomes  black  when  heated  with 
an  excess  of  potassium  hydroxide. 

The  best  method  for  identifying  palladium  is  by  its 
deportment  with  potassium  iodide,  which  precipitates  pal- 
ladium as  black  palladous  iodide,  even  from  dilute  solu- 
tions. Ammonium  hydroxide,  when  added  to  a  solution 
of  palladous  chloride,  forms  a  flesh  red  precipitate  of  pal- 
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ladio-diammonium  chloride.  An  excess  of  ammonium  hy- 
droxide dissolves  the  precipitate,  forming  a  brown  liquid, 
which  becomes  colorless  on  a  further  addition  of  ammon- 
ium hydroxide. 


In  addition  to  the  metals  mentioned  on  page  488,  the 
following  metals  are  precipitated  by  Ammonimn  Hydroxide 
and  Ammonium  Sulphide  : 

a,  as  Sulphides. 

Thallium. 
Indium. 

b,  as  Hydroxides. 

Beryllium. 

Thorium. 

Erbium. 

Yttrium. 

Cerium. 

Lanthanum. 

Didyraium. 

Zirconium. 

Titanium. 

Tantalum. 

Niobium. 

For  their  separation,  the  following  method  may  be 
used.  Dry  the  precipitate,  ignite  gently  with  access  of 
air,  fuse  wibh  potassium  acid  sulphate,  and  extract  the 
fuse  repeatedly  with  cold  water.  The  insoluble  residue 
contains  niobic  and  tantalic  acids  ;  the  residue  will  also 
contain  some  ferric  and  chromic  oxides,  if  the  substance 
contains  these  elements. 

Fuse  the  soluble  residue  with  sodium  hydroxide  and 
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potassium  chlorate  and  extract  with  dilute  sodium  hydrox- 
ide. Chromium,  if  present,  wiil  form  soluble  potassium 
chromate.  Filter,  wash  out  the  sodium  hj^droxide,  and 
separate  the  sodium  niobate  from  the  sodium  tantalate  by 
repeated  extraction  with  a  dilute  solution  of  sodium  car- 
bonate, in  whicli  tlie  sodium  tantalate  is  difficultly  solu- 
ble. 

If  tlie  portion  of  the  fuse  that  was  soluble  in  w^ater 
contains  iron,  pass  hydrogen  sulphide  to  reduce  it.  Now 
dilute  the  solution  largely,  boil,  and  pass  carbon  dioxide, 
wliich  precipitates  the  titanic  acid.  The  latter  may  be 
recognized  in  the  salt  of  phosphorus  bead,  and  may  also 
be  tested  by  its  deportment  with  hydrogen  peroxide.  Dis- 
solve the  titanic  acid  in  hydrochloric  acid,  and  add  a  solu- 
tion of  liydrogen  peroxide  ;  the  solution  is  colored  bright 
yellow  to  orange  red,  according  to  the  amount  of  titanium 
present.* 

Add  nitric  acid  to  the  filtrate  from  the  titanic  acid, 
concentrate,  and  precipitate  with  ammonium  hydroxide. 
Cobalt,  nickel,  manganese  and  zinc,  if  present,  remain  in 
solutionf.  The  residue  may  contain  indium,  iron,  chrom- 
ium, uranium  and  tlie  earths.    Dissolve  the  precipitate  in 


*  This  deportment  of  titanium  with  hydrogen  peroxide  in  the 
presence  of  potassium  hydroxide  may  be  used  direct  for  the  detection  of 
titanium  in  tlie  presence  of  iron,  etc.  If  an  excess  of  hydrogen  peroxide 
is  added  to  a  solution  of  titanium,  and  potassium  hydroxide  then  added, 
the  titanium  dissolves  in  an  excess  of  the  precipitant.  In  the  presence 
of  iron,  manganese,  etc.  their  hydroxides  will  be  precipitated,  and  must 
be  separated  from  the  alkaline  solution  by  filtration.  Acidify  the  fil- 
trate with  hydrochloric  acid,  evaporate  to  dryness  in  a  porcelain  dish  on 
the  water-bath,  dissolve  the  residue  in  dilute  hydrochloric  acid  and  test 
the  soliTtion  with  hydrogen  peroxide.  If  more  than  traces  of  titanium 
are  present,  the  charateristic  color  appears  on  acidifying  the  filtrate 
from  the  iron  precipitate,  so  that  evaporation  is  unnecessary. 

This  method  is  also  suitable  for  the  quantitative  separation  of  titan- 
ium from  iron  (A.  Classen,  Ber.  deutsch.  chem.  GeselL,  Vol.  21,  p.  370). 

t  For  a  complete  separation,  it  is  necessary  to  dissolve  the  ammo- 
nium hydroxide  precipitate  in  hydrochloric  acid,  and  repeat  the  precipi- 
tation. 
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hydrochloric  acid,  and  add  pure,  concentrated  potassiam 
hydroxide  ;  chromium,  aluminum  and  beryllium  dissolve, 
while  iron,  indium,  uranium  and  the  earths  remain  insol- 
uble. Boil  the  alkaline  solution,  which  precipitates  the 
chromium  and  beryllium.  Filter  out  the  precipitate,  and 
fuse  with  sodium  carbonate  and  potassium  chlorate.  Ex- 
tract the  fuse  with  water,  acidif}^  with  nitric  acid  and  pre- 
cipitate the  beryllium  with  ammonium  hydroxide. 

As  a  furtlier  test  for  beryllium,  dissolve  the  precipi- 
tate in  hydrochloric  acid,  add  citi'ic  acid  (to  prevent  the 
precipitation  of  aluminum  witli  the  beryllium),  and  then 
add  ammonium  phosphate  in  access. 

Dissolve  the  resulting  precipitate  in  hydrochloric 
acid,  gradually  add  ammonium  hydroxide  until  the  solu- 
tion has  an  alkaline  reaction,  and  then  heat  to  boiling. 
The  voluminous,  slimy  precipitate  of  beryllium  phosphate 
changes  to  ammonium-beryllium  phosphate,  which  is 
beautifully  crystalline,  and  settles  quickl}^ 

Dissolve  the  precipitate  of  iron,  indium  and  uranium 
in  hydrochloric  acid,  and  add  barium  carbonate.  After 
standing  for  6  hours,  filter  out  the  precipitate  and  test  for 
indium  spectroscopically.  Precipitate  the  excess  of  bar- 
ium in  the  filtrate  with  dilute  sulphuric  acid,  filter  out  the 
barium  sulphate  and  concentrate  the  filtrate.  Neutralize 
with  potassium  hydroxide,  add  solid  potassium  sulphate 
and  allow  to  stand  for  12  hours.  The  precipitate  consists 
of  double  sulphates  of  zirconium^,  cerium,  lanthanum  and 
clidymium.  Filter  out  the  precipitate,  wash  it  with  a  sol- 
ution of  potassium  sulphate,  and  then  treat  it  w^ith  dilute 

*  Bailey  found  that  zirconium  could  be  separated  quantitatively  as 
ZraOg  with  hvdrogen  peroxide  from  a  sulphate  solution,  Ann.  Chem. 
Pharm.,  Vol.  232,  p.  352. 
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hydrochloric  acid  ;  tlie  sulphates  of  cerium,  lanthanum 
and  didyinium  dissolve,  and  zirconium  sulphate  remains 
undissolved.  Filter  out  the  undissolved  zirconium- 
potassium  sulphate,  wash  a  few  times  with  dilute  hydro- 
ciiloric  acid,  and  precipitate  the  cerium,  lanthanum  and 
didymium  witli  ammonium  hydroxide.* 

The  filtrate  from  the  potassium  sulphate  contains 
ytterbium,  ei'bium  and  the  remainder  of  the  beryllium. 
Precipitate  with  ammonium  hydroxide,  and  treat  the  re- 
sulting precipitate  with  oxalic  acid  ;  beryllium  dissolves, 
and  erbium  and  ytterbium  remain  undissolvedf . 

Test  for  thallium  and  indium  in  the  original  ammon- 
ium sulphide  precipitate,  spectroscopically.  Or,  dissolve 
the  precipitate  in  hydrochloric  acid,  reduce  any  iron  pres- 
ent with  sulpliur  dioxide,  neutralize  with  ammonium  hy- 
droxide, and  precipitate  thallium  with  potassium  iodide, 
as  bright  yellow  thallous  iodide.  Test  the  precipitate  for 
thallium  in  the  spectroscope  J; . 


*  To  separate  cerium,  dissolve  the  ammonium  hydroxide  precipitate 
in  hydrochloric  acid,  neutralize  the  solution  with  sodium  carbonate,  add 
sodium  acetate  and  an  excess  of  sodium  hypochlorite,  and  boil.  Cerium 
is  precipitated  as  cerium  peroxide;  lanthanum  and  didymium  remains  In 
solution.  Precipitate  the  latter  with  ammonium  oxalate,  ignile  the 
oxalates  to  oxides  and  treat  with  dilute  nitric  acid.  Evaporate  to  dry- 
ness, and  heat  the  residue  until  it  fuses.  On  extraction  with  water, 
lanthanum  is  dissolved  and  didymium  remains  undissolved. 

t  Ignite  the  oxalates,  dissolve  the  residue  in  nitric  acid,  evaporate 
to  dryness  and  heat  strong-  enough  to  evolve  oxides  of  nitrogen.  Boil 
with  sufficient  water  to  obtain  a  clear  solution,  and  then  allow  to  cool; 
crystals  of  erbium  nitrate  separate  out.  Decant  off  the  mother  liquor 
and  treat  again  in  the  same  manner.  By  repeatedly  recrystallizing  the 
erbium  nitrate  the  salt  may  be  obtained  in  a  pure  state.  (Bunsen.) 

X  To  separate  thallium  from  lead,  add  an  excess  of  of  sodium  thio- 
sulphate  so  that  the  resulting  precipitate-  redissolves,  and  then  add 
potassium  iodide.  If  thallium  is  present,  a  yellow  precipitate  of  thal- 
lous? iodide  will  be  formed.  Under  the  above  condit  ons,  no  lead  will  be 
precipitated.  (A.  Werner.) 


EXAMINATION  FOR  ACIDS. ^ 


The  acids,  like  the  bases,  may  be  divided  into  groups, 
according  to  their  deportment  with  certain  Group  Re- 
agents :  Barium  Chloride,  Lead  Acetate,  Silver  Nitrate, 
etc.  The  individual  acids  belonging  to  a  given  group,  how- 
ever, cannot  be  separated  as  the  bases  can.  The  ex- 
amination for  acids  is  much  facilitated  by  testing  the  dry 
substance  with  sulphuric  acid,  which  shows  the  presence 
of  many  acids. 

If  the  examination  for  bases  has  preceded  tliat  for 
acids,  the  former  gives  a  clue  as  to  what  acids  can  be 
present ;  as  only  those  acids  need  be  considered,  which, 
with  the  bases  present,  form  compounds  that  are  soluble 
in  the  solvent  used. 

In  many  cases,  the  solution  of  the  original  substance 
may  be  used  for  the  examination  for  acids,  although,  un- 
der certain  conditions,  the  presence  of  certain  bases  may 
make  the  identification  more  difficult,  or  even  impossible. 
In  such  cases,  it  is  necessary  to  remove  these  metals  with 
hydrogen  sulphide,  ammonium  sulphide,  etc.,  before  test- 
ing for  the  acids. 

If  the  substance  being  examined  for  acids  is  insoluble 
in  water,  fuse  the  fine  powder  with  3  or  4  times  its  weight 
of  potassium-sodium  carbonate,  boil  the  fuse  with  water 
and  examine  the  filtrate,  after  previous  neutralization 
with  hydrochloric,  nitric  or  acetic  acid.    See  also  page  476. 

*  [The  scheme  provides  only  for  those  acids  that  are  commonly  met 
within  minerals,  ores,  metallurgical  products  and  natural  waters.] 
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Some  compounds  (e.  g.,  alkaline  earth  sulphates,  fer- 
rocyanides,  oxalates,  etc.)  ,  may  be  decomposed  by  merely 
boiling  with  a  solution  of  sodium  carbonate. 

Deportmenl  With  Concentrated  Sulphuric  Acid»^ 

The  substanc3  evolves  a  colored  gas,  when  heated 
with  concentrated  sulphuric  acid  : 

Nitrous  Acid. 

Hydro bromic  Acid. 

Hydriodic  Acid. 
The  evolved  gas  is  colorless: 

Sulphurous  Acid. 

Hydrogen  Sulphide. 

Nitric  Acid. 

Hydrochloric  Acid. 

Hj^drofliioric  Acid. 

Carbonic  Acid. 
No  gases  are  evolved: 

Sulphuric  Acid. 

Phosphoric  Acid. 

Arsenic  Acid. 

Arsenous  Acid. 

Silicic  Acid. 

Boric  Acid. 

Molybdic  Acid. 

Tungstic  Acid. 

Titanii^  Acid. 

Selenic  Acid. 

Deportment  With  Barium  Chloride, 

Prom  hydrochloric  or  nitric  acid  solution,  the  following 
are  precipitated: 
Sulphuric  Acid,  luhite, 
Selenic  Acid,  luMte. 

*  As  a  preliminary  test  for  carbonic  acid  and  sulphurous  acid,  add 
dilute  sulphuric  acid  to  a  portion  of  the  dry  substance,  and  warm. 
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Deportment  With  Caldum  Chloride. 

The  following  are  precipitated: 

a.  From  neutral  solution. 

Phosphoric  Acid,  ivhite. 
Boric  Acid,  ivMte. 
Arsenic  Acid,  tvhite. 
Sulphurous  Acid,  ivhit^. 
Carbonic  Acid,  ivhite. 

b.  From  neutral,  or  acetic  acid  solution. 

Sulphuric  Acid,  ivhite. 
Hydrofluoric  Acid,  tvhite. 

Deportment  With  Silver  Nitrate, 

The  following  are  precipitated: 

a.  From  neutral  solution. 

Phosphoric  Acid,  yellotv. 
Boric  Acid,  tvhite. 
Chromic  Acid,  redcUsh-brotvn. 
Arsenous  Acid,  yellotv. 
Arsenic  Acid,  reddish-hrotvn. 
Sulphurous  Acid,  tvhite. 
Carbonic  Acid,  tvhite.  . 

b.  From  acid  solution. 

Hydrochloric  Acid,  tvhite. 
Hydrobromic  Acid,  yellotvish  tvhite. 
Hydriodic  Acid,  p«Ze  yellotv. 
Hydrogen  Sulphide,  Mack. 
Not  precipitated  by  Barium  Chloride,  Calcium  Chloride 
or  Silver  Nitrate  :- 
Nitric  Acid. 
Nitrous  Acid. 
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Special  Reactions  of  the  Individual  Acids* 

Sulphuric  Acid  is  distinguished  from  all  other 
cicids^'  hy  the  insolubility  of  its  barium  salt  in  hydro- 
cliloi'ic  acid.  Therefore,  if  barium  chloride  produces  a 
wliite  precipitate  in  hydrochloric  acid  solution,  the  pres- 
ence of  sulphuric  acid  is  proved f. 

Sulphurous  Acid  may  be  recognized  by  the  characteris- 
tic odor,  which  the  salts  evolve  when  heated  with  dilute  hy- 
drochloric acid. 

If  the  hydrochloric  acid  solution  of  a  sulphite,  or  an 
aqueous  solution  of  sulphurous  acid  is  boiled  with  stan- 
nous chloride,  hydrogen  sulphide  is  evolved,  which  slowly 
precipitates  stannic  sulphide. J; 

A  solution  of  sulphurous  acid,  or  a  sulphite,  also 
evolves  hydrogen  sulphide§  when  treated  with  zinc  and  hy- 
drochloric acid  ;  the  liydrogen  sulphide  may  be  recognized 
by  its  blackening  or  browning  effect  on  paper  saturated 
with  lead  acetate  or  silver  nitrate. 

A  neutral  solution  of  ferric  chloride,  when  added  to  a 
neutral  solution  of  a  sulphite,  produces  a  brownish  red 
coloration,  which  disappears  on  boiling  the  solution. 

When  hydrogen  sulj^hide  is  added  to  a  hydrochloric 
acid  solution  of  a  sulpliite,  sulj^hur  is  separated. 

The  precipitate  produced  by  silver  nitrate,  in  a  solu- 

*  -->eleuic  acid  is  the  only  other  acid,  which,  with  barium  chloride, 
gives  a  white  precipitate  insoluble  in  hydrochloric  acid.  Barium  selen- 
ate  may  be  distinguished  irom  barium  sulphate  by  the  fact  that  when 
boiled  with  concentrated  hydrochloric  acid,  it  evolves  chlorine,  and  that 
sulphur  dioxide  precipitates  red  selenium  from  the  solution. 

t  If  the  solution  contains  a  large  excess  of  hydrochloric  acid,  barium 
chlor.de  itself  will  be  precipitated  in  a  pulverulent  form  when  its 
solution  is  added  The  precipitated  barium  chloride,  however,  cannot 
be  mistaken  for  barium  sulphate,  as  on  addition  of  water,  the  precipi- 
tate entirely  disappears. 

X  8SnCl2  -h  SO2  -I-  6HC1  =  H^S  -|-  SSnCU  -h  2H2O. 

'i  SO2  -I-  3Zn  -I-  6HC1  =  H2S  -I-  3ZnCl2  -|-  2H2O. 
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tion  of  sulphurous  acid,  becomes  black  after  boiling  the 
solution. 

When  the  solution  of  a  sulphite  is  neuti'alized  with 
sodium  bicarbonate,  and  then  added  to  a  solution  of  zinc 
sulphate  to  which  has  been  added  a  few  drops  of  sodium 
nitroferricyanide,  a  red  coloration  is  produced. 

Hydrogen  Sulphide*  is  recognized  principally  by  its 
deportment  with  lead  acetate  and  silver  nitrate,  and  by 
its  odor.  Most  metallic  sulphides  are  decomposed  by 
dilute  hydrochloric  or  sulphuric  acid,  with  an  evolution 
of  hydrogen  sulphide.  Those  sulphides  which  are  not  de- 
composable by  these  acids,  generally  are  soluble  in  nitric 
acid,  leaving  a  deposit  of  sulphur.  If  sulphides  are  fused 
with  sodium  carbonate  on  charcoal,  and  then  placed  on  a 
bright  silver  surface  and  moistened,  they  foi'm  a  dai'k 
spot  of  silver  sulphide. 

To  detect  minute  traces  of  hydrogen  sulphide,  or  other 
sulphur  compounds  that  are  soluble  in  water,  add  sodium 
hydroxide  to  the  solution,  and  then  add  sodium  nitrofer- 
ricyanide ;  the  above  compounds  produce  a  violet  red  col- 
coloration,  which  disappears  after  some  time. 

Phosphoric  Acid  (ortho)  is  precipitated  from  nitric 
acid  solution,  by  ammonium  molybdate,  soluble  iii  ammon- 
ium hydroxide. 

Magnesium  chloride  (or  sulphate),  when  added  to  a 
solution  containing  ammonium  chloride  and  an  excess  of 
ammonium  h3^droxide,  produces  a  white  crystalline  pre- 
cipitate of  ammonium-magnesium  phosphatef. 

*  Tf  the  substance  contains  free  sulphur,  it  may  be  extracted  wiih 
carbon  bisulphide.  When  the  latter  is  evaporated,  the  sulphur  crystal- 
lizes out. 

t  Since  arsenic  acid  is  also  precipitated  by  mao-nesium  chloride, 
phj-jphiric  a  ;Ld  cmnot  be  tested  for  in  the  presence  of  arsenic  acid,  un- 
til the  latter  has  been  removed  by  precipitation  with  hydrogen  sulphide. 
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Nitric  Acid  may  be  recognized  by  its  deportment 
with  concentrated  sulphuric  acid  and  ferrous  sulphate* 
(^brown  ring  test) . 

To  detect  traces  of  nitric  acid  or  nitrates,  the  follow- 
ing method  may  be  used  :  Dissolve  a  small  quantity  of 
brucine  in  a  few  drops  of  concentrated  sulphuric  acid,  in 
a  small  porcelain  dish,  and  then  add  a  few  drops  of  the 
solution  to  be  tested.  If  the  quantity  of  nitric  acid  is  not 
too  slight,  a  bright  red  or  reddish  yellow  color  will  be  im- 
parted to  the  liquid. 

If  phenyl  sulphuric  acid  (1  phenol :  4  cone,  sulphuric 
acid  :  2  water)  is  added  to  nitric  acid  or  the  solution  of  a 
nitrate,  the  liquid  is  colored  brownish  red ;  the  color 
changes  to  yellow  or  green,  on  the  addition  of  ammonium 
hydroxide.    Nitrous  acid  reacts  in  a  similar  manner. 

To  detect  nitric  acid  in  the  presence  of  nitrous  acid, 
warm  the  solution  with  dilute  sulphuric  acid  until  the 
nitrous  acid  is  expelled,  and  then  test  for  nitric  acid  as 
given  above. 

Hydrochloric  Acid  or  chlorides,  precipitate  from  a 
solution  of  silver  nitrate,  white,  flocculent  silver  chloride, 
insoluble  in  nitric  acid,  soluble  in  dilute  ammonium  hy- 
droxide or  sodium  thiosulphate. 

Lead  acetate  is  precipitated  white  ;  the  resulting  lead 
chloride  is  soluble  in  much  hot  water,  from  which  it  crys- 
tallizes out  on  cooling. 

When  concentrated  sulphuric  acid  is  added  to  solid 
metallic  chlorides,  hydrochloric  acid  gas  is  evolved,  recog- 

*  If  the  solution  also  contains  bromides  or  iodides,  this  method  can 
not  be  used  direct,  as  bromine  or  ioine  would  be  liberated  and  produce 
similar  color  phenomena.  These  compounds  must  therefore  be  decom- 
posed with  hydrochloric  acid  and  the  bromine  or  iodine  removed  by 
shaking-  with  carbon  bisulphide  or  chloroform.  The  solution  can  now 
be  used  for  the  above  test. 
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nizable  by  its  suffocating  acid  odor.  When  a  glass  rod 
that  has  been  moistened  with  ammonium  hydroxide  is 
held  in  the  mouth  of  the  test-tube,  fumes  of  ammonium 
chloride  are  formed. 

If  a  mixture  of  a  chloride,  and  potassium  bichromate 
is  distilled  with  concentrated  sulphuric  acid  from  a  small 
tubulated  retort,  chromic  oxychloride  distils  over,  and 
forms  sodium  chromate,  when  absorbed  in  sodium  hydrox- 
ide. 

If  the  sodium  hydroxide  becomes  yellow,  the  presence 
of  hydrochloric  acid  is  proved. 

Hydrobromic  Acid  or  bromides  are  precipitated  yel- 
lowish white  by  silver  nitrate.  The  precipitate  is  insolu- 
ble in  nitric  acid,  very  slightly  soluble  in  ammonium  hy- 
droxide. 

Small  amounts  of  hydrobromic  acid  may  be  detected 
with  chlorine  water  and  chloroform. 

If  a  bromide  is  mixed  with  manganese  dioxide  and  ^ 
treated  w4th  concentrated  sulphuric  acid,  brownish  red 
vapors  of  bromine  appear. 

Hydriodic  Acid  or  iodides  precipitate  yellow  silver 
iodide  from  silver  nitrate  solution,  insoluble  in  nitric  acid 
and  ammonium  hydroxide. 

To  detect  small  amounts  of  hydriodic  acid,  add  potas- 
sium bichromate,  dilute  sulphuric  acid  and  chloroform  to 
the  solution,  and  shake.  The  iodine  is  liberated  and  is 
absorbed  by  the  chloroform,  imparting  a  violet  red  color 
to  the  latter. 

When  manganese  dioxide  is  added  to  an  iodide,  and 
the  mixture  then  treated  with  concentrated  sulphuric 
acid,  iodine  is  liberated,  and  may  be  volatilized  as  a  violet 
red  vapor,  by  warming  the  mixture. 
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The  most  certain  method  of  detecting  a  chloride  in 
the  presence  of  an  iodide,  is- to  mix  with  potassium  bi- 
chromate and  distil  with  concentrated  sulphuric  acid,  as 
given  above.  Bromine  may  be  detected  in  another  por- 
tion of  the  solution  by  adding  chlorine  water,  and  then 
shaking  out  with  chloroform. 

Chlorides  in  the  presence  of  iodides,  may  be  detected 
as  given  above,  by  distilling  with  potassium  bichromate 
and  concentrated  sulphuric  acid.  The  iodine  may  then 
be  detected  by  liberating  it  with  potassium  bichromate 
and  dilute  sulphuric  acid. 

To  detect  an  iodide  in  the  presence  of  bromides  and 
chlorides,  add  fuming  nitric  acid,  and  shake  out  the  lib- 
erated iodine,  with  chloroform. 

A  bromide  in  the  presence  of  an  iodide,  may  be  de- 
tected by  adding  chloroform  to  the  dilute  solution*  and 
then  adding  chlorine  water  until  the  free  iodine  dissolved 
in  the  chloroform  is  oxidized  to  iodic  acid.  The  violet 
color  of  the  iodine  entirely  disappears,  and  the  chloroform 
is  colored  yellow  or  orange  red,  if  bromine  is  present. 

For  the  detection  of  hydrochloric,  hydrobromic  and 
hydriodic  acids  in  the  presence  of  hydrogen  sulphide  or 
sulphides,  add  ammoniacal  hydrogen  peroxide  to  the  solu- 
tion and  boil ;  this  oxidizes  all  of  the  sulphur  to  sulphuric 
acid. 

Nitric  acid  may  be  detected  in  the  presence  of  hydro- 
bromic acid,  by  precipitating  with  silver  sulphate,  and 
testing  for  nitric  acid  in  the  filtrate. 

Hydrofluoric  Acid  may  be  identified  by  the  deport- 
ment of  the  dry  substance  with  concentrated  sulphuric 

*  If  the  solution  has  an  alkaline  reaction,  acidify  with  dilute  hydro- 
chloric acid,  before  making-  the  test. 
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acid  and  silica.  Place  the  dry  substance  mixed  with  sil- 
ica, in  a  test-tube,  add  concentrated  sulphui-ic  acid,  and 
warm  gently ;  silicon  tetrafluoride  is  evolved.  Hold  a 
glass  rod  moistened  with  water,  over  the  mouth  of  the 
test-tube  ;  the  formation  of  a  white  coating  of  silica, 
proves  the  presence  of  hydrofluoric  acid. 

The  etching  test  for  hydrofluoric  acid  may  also  be 
used.  Place  the  dry  substance  in  a  small  lead  dish,  add 
concentrated  sulphuric  acid,  cover  with  a  glass  which  is 
coated  with  paraffin  except  for  a  few  scratches  to  expose 
the  glass,  and  warm  gently.  Hydrofluoric  acid,  if  pres- 
ent, will  attack  the  exposed  glass,  giving  it  a  matted  ap- 
pearance. The  etching  may  be  seen  by  warming  the  glass 
and  removing  the  paraffin. 

Silicic  Acid.  Silicates  are  characterized  by  their  de- 
portment in  the  salt  of  phosphorus  bead.  Place  a  small 
amount  of  the  pulverized  substance  in  the  bead,  and  fuse. 
The  metals  are  dissolved,  while  the  silica  remains  undis- 
solved, and  swims  about  in  the  molten  bead  (skeleton  of 
silica  j. 

If  the  silicate  is  soluble,  add  hydrochloric  acid,  and 
evaporate  to  dryness  on  the  water-bath.  When  the  resi- 
due is  treated  with  dilute  hydrochloric  acid,  the  silica  re- 
mains insoluble. 

If  a  warm  solution  of  ammonium  chloride  is  added  to 
a  warm  aqueous  solution  of  a  silicate,  the  silicic  acid  sep- 
arates at  once  as  a  white  precipitate,  even  in  very  dilute 
solutions. 

Silicates  which  are  not  decomposable  by  acids,  may 
be  decomposed  by  fusion  with  sodium  carbonate.  See 
page  471.  Dissolve  the  fuse  in  dilute  hydrochloric  acid, 
and  evaporate  the  solution  to  dryness.    When  the  residue 
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is  warmed  with  dilute  hydrochloric  acid,  the  silica  re- 
mains insoluble. 

The  silica  obtained  by  either  of  the  above  methods 
should  be  more  minutely  tested  by  its  deportment  in  the 
salt  of  phosphorus  bead*.  Silica  is  completely  soluble 
in  potassium  hydroxidef.  When  silica  is  heated  in  a 
platinum  crucible  with  hydrofluoric  acid  or  acid  ammon- 
ium fluoride  J,  it  is  completely  volatilized  as  silicon  tetra- 
fluoride. 

Boric  Acid.  Borates,  when  treated  with  hydro- 
chloric acid,  color  turmeric  paper  brown.  If  the  sub- 
stance is  heated  with  concentrated  sulphuric  acid  on  a 
platinum  wire,  in  the  outer  portion  of  the  fusion  zone  of 
the  flame  of  a  Bunsen  burner,  the  latter  will  be  colored 
distinctly  green,  if  the  substance  contains  a  borate. 

To  detect  a  trace  of  boric  acid,  mix  the  dry  substance 
with  calcium  fluoride  and  concentrated  sulphuric  acid, 
distil  from  a  platinum  retort,  and  receive  the  distillate  of 
boron  fluoride  in  alcohol.  When  the  latter  is  ignited,  the 
flame  has  a  distinct  green  color.  The  substance  may  also 
be  mixed  with  calcium  fluoride  and  silica  (or  powdered 
glass),  and  treated  with  concentrated  sulphuric  acid,  in  a 
test-tube.  Pass  the  gas  into  a  non-luminous  gas  flame, 
through  a  tube  drawn  out  to  a  narrow  opening.  The 
boron  fluoride  will  color  the  flame  green,  as  given 
above.  It  is  advisable  to  place  a  small  piece  of  marble  in 
the  test-tube,  as  to  sweep  the  boron  fluoride  over  into  the 
flame,  with  carbon  dioxide. 

*  Silicates  frequently  contain  titanic  acid,  which  is  separated  with 
the  silica.  To  detect  the  titanic  acid,  beat  the  silica  with  concentrated 
sulphuric  acid,  and  remove  the  excess  of  acid  by  heating. 

t  This  deportment  can  be  used  to  separate  silica  from  quartz 
(gangue). 

:  Si02-|-2NH,FHF  =  SiF,-|-2NH3-!-2H20. 
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Carbonic  Acid.  Carbon  dioxide  is  expelled  with  effer 
vescence,  as  a  colorless  or  odorless  gas,  when  its  com- 
pounds are  treated  with  another  acid.  If  the  gas  is 
passed  into  lime-water,  a  white  precipitate  of  calcium 
carbonate  is  formed.  The  calcium  carbonate  dissolves 
as  calcium  bicarbonate,  if  the  gas  is  passed  for  some  time, 
and  is  reprecipitated  when  the  solution  is  boiled. 


ATOMIC  MASSES 
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TABLE  OF  ATOMIC  MASSES. 


Revised  by  F.  W.  CLARKE. 

Chief  Chemist  of  the  United  States  Geological  Survey. 
Revised  to  Sept.  1902. 


Ojr  IXL  kjKjm., 

Atomic 

Mass. 

0=16 

H=l 

Al 

27.1 

26.9 

Sb 

120.4 

119.5 

A 

39.96 

39.6 

As 

75.0 

74.45 

Ba 

137.40 

136.4 

Bi 

208.1 

206.5 

*B 

ILO 

10.9 

Br 

79.95 

79.35 

Cd 

112.4 

111.55 

Cs 

132.9 

13L9 

Ca 

40.1 

39.8 

C 

12.0 

11.9 

Ce 

139.0 

138.0 

Chlorine   

CI 

35.45 

35.18 

Cr 

52.1 

51.7 

Cobalt   

Co 

59.00 

58.55 

fCb 

93.7 

93.0 

Copper   

Cu 

63.60 

63.1 

Er 

166.0 

164.7 

Fluorine   

*F 

19.05 

18.9 

Gadolinium   

Gd 

156.4 

155.2 

Ga 

70.0 

69.5 

Ge 

72.5 

71.9 

*$G 

9.1 

9.0 

Gold   •  

Au 

197.2 

195.7 

He 

3.96 

3.93 

H 

1.008 

1.000 

In 

114.0 

113.1 

I 

126.85 

125.89 

Ir 

193.1 

191.7 

Pe 

55.9 

55.5 

Kr 

81.76 

81.15 

Lanthanum   

La 

138.6 

137.6 

Pb 

206.92 

205.36 

Li 

7.03 

6.97 

Mg 

24.3 

24.1 

Manganese   

Mn 

55.0 

54.6 

Hg 

200.0 

198.50 

Mo 

96.0 

95.3 

*  Symbols  sometimes  given  with  a  small  letter  attached:  Bo,  Fl,  Gl. 
t  Sometimes  called  Niobium,  Nb. 
X  Sometimes  called  Beryllium,  Be. 
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Name. 

Symbol. 

Atomic  Mass. 
0=16  H=l 

Neodymiuni 

Nd 

143.6 

142.5 

Neon 

Ne 

19.94 

19.8 

Nickel   

Ni 

58.70 

58.25 

Nitrogen 

N 

14.04 

13.93 

Osmium   

Os 

191.0 

189.6 

Oxvsen       .  . 

0 

16.000 

15.88 

Palladium   

Pd 

107.0 

106.2 

Phosphorus   

*P 

31.0 

30.75 

Platinum 

Pt 

194.9 

193.4 

Potassium   

K 

39.11 

38.82 

Praseodymium  . 

Pr 

140.5 

139.4 

Rhodium 

Rh 

103.0 

102.2 

T?  iiV^i  f1  in  m 

Rb 

85.4 

84.75 

Ruthenium 

Ru 

101.7 

100.9 

m  a  T*i  n  m 

Sm 

150.3  ? 

149.2  ? 

Sf>n  n  rl  in  m 

Sc 

44.1 

43.8 

SpI  PTi  in  m 

Se 

79.2 

78.6 

Si  1  ipnn 

Si 

28.4 

28.2 

Silver 

Ag 

107.92 

107.11 

SnrI  in  m 

Na 

23.05 

22.88 

fttTTiTifin  m 

Sr 

87.60 

86.95 

Sn  1  nVi  n  t* 

s 

32.07 

31.83 

Tantalum 

Ta 

182.8 

181.5 

T'aI  In  ri n  m 

Te 

127.7 

126.1 

T'pT'lii  n  m 

Tb 

160. 

158.8 

Thflllinm 

Tl 

204.15 

202.61 

Th 

232.6  ? 

230. »  : 

Thnlinm 

Tu 

170.7 

169.4 

Tin 

Sn 

119.0 

118.1 

Titanium   

Ti 

48.15 

47.8 

Tungsten   

W 

184. 

182.6 

Uranium   

U 

238.5 

236.7 

Vanadium   

*y 

51.4 

51.0 

Xenon   

X 

128.0 

127. 

Ytterbium   

Yb 

173.2 

171.9 

Yt 

89.0 

88.3 

Zinc   

Zn 

65.4 

64.9 

Zirconium   

Zr 

90.4 

89.7 

*  Symbols  sometimes  given  with  a  small  letter  attached:  Ph,  Vd. 
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TABLE    FOR    THE     CALCULATIOrj    OF    THE     "DEGREE  OF 
HARDNESS"  FROM  THE  NUMBER  OF    CUBIC  CENTIMETRES 
OF  SOAP  SOLUTION  USED. 


Volume  of  Degree  of 

Soap  Solution  Used.  Hardness 

3.4  cc   0.5 

5.4  cc   1.0 

7.4  cc   1.5 

9.4  cc   2.0 

The  difference  of  1  cc.  of  the  soap  solution=0.25. 

11.3  cc   2.5 

13.2  cc   3.0 

15.1  cc   3.5 

17.0  cc   4.0 

18.9  cc   4.5 

20.8  cc.   .;   5.0 

The  difference  of  1  cc.  of  the  soap  solution=0.26. 

22.6  cc   5.5 

24.4  cc   6.0 

26.2  cc   6.5 

28.0  cc   7.0 

29.8  cc   7.5 

31.6  cc   8.0 

The  difference  of  1  cc.  of  the  soap  solution=0.277. 

33.4  cc   8.5 

35.0  cc   9.0 

36.7  cc   9.5 

38.4  cc   10.0 

40.1  cc   10.5 

41.8  cc   11.0 

The  difference  of  1  cc.  of  the  soap  solution=0.294. 

43.4  cc   11.5 

45.0  cc   12.0 

The  difference  of  1  cc.  of  the  soap  solutionr=0.31. 
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TABLE  GIVING  THE  TENSION  OP  AQUEOUS  VAPOR,   FOR  TEM 
PERATURES   FROM   10°C.    TO  25°C. 

Temperature.  Tension. 

10°  C   9.165  mm. 

11°  C   9.792  mm. 

12°  C   10.457  mm. 

13°  C   11.162  mm. 

14°  C   11.908  mm. 

15°  C   12.699  mm. 

16°  C   13.536  mm. 

17°  C   14.421  mm. 

18°  C   15.357  mm. 

19°  C   16.346  mm. 

20°  C   17.391  mm. 

21°  C   18.495  mm. 

22°  C   19.659  mm. 

23°  C   20.888  mm. 

24°  C   22.184  mm. 

25°  C   23.550  mm. 


TABLE  OF   SPECIFIC  GRAVITIES  CORRESPONDING  TO  DEGREES 

BEAUME. 

1.    For  Liquids  Lighter  Than  Water  Temp.  12.5°  C. 


Deg.  B. 


Sp.  Gr. 


Des,  B. 


Sp.  Gr. 


10   1.0000 

11  9932 

12  9865 

13  9799 

14  9733 

15  9669 

16  9605 

17  9542 

18  9480 

19  9420 

20  9359 

21  9300 

22  9241 

23  9183 

24  9125 

25   .9068 

26  9012 


27  8957 

28  8902 

29  8848 

30  8795 

31  8742 

32  8690 

33  8639 

34  8588 

35  8538 

36  8488 

37  8439 

38  8391 

39  8343 

40  8295 

41  8248 

42  8202 

43  8156 


44  8111 

45  8066 

46  8022 

47  7978 

48  7935 

49  7892 

50  7849 

51  7807 

52  7766 

53  7725 

54  7684 

55  7643 

56  7604 

57  7565 

58  7526 

59  7487 

60  7449 
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2.    For  Liquids  Heavier  Than  Water.  Temp.  17.5°  C. 


Deg.  B. 


Sp.  Gr. 


Deff.  B. 


Sp.  Gr. 


Deg.  B. 


Sp.  Gr. 


0   1.0000 

1   1.0068 

2  10138 

3   1.0208 

4   1.0280 

5   1.0353 

6   1.0426 

7   1.0501 

8   1.0576 

9   1.0653 

10   1.0731 

11   1.0810 

12   1.0890 

13   1.0972 

14   1.1054 

15   1.1138 

16   1.1224 

17   1.1310 

18   1.1398 

19   1.1487 

20   1.1578 

21   1.1670 

22   1.1763 

23   1.1858 

24   1.1955 

25   1.2053 


26   1.2153 

27   1.2254 

28   1.2357 

29   1.2462 

30   1.2569 

31   1.2677 

32   1.2788 

33   1.2901 

34   1.3015 

35   1.3131 

36   1.3250 

37   1.3370 

38   1.3494 

39   1.3619 

40   1.3746 

41   1.3876 

42   1.4009 

43   1.4143 

44   1.4281 

45   1.4421 

46   1.4564 

47   1.4710 

48   1.4860 

49   1.5012 

50   1.5167 


51   1.5325 

52   1.5487 

53   1.5652 

54   1.5820 

55   1.5993 

56   1.6169 

57   1.6349 

58   1.6533 

59   1.6721 

60   1.6914 

61   1.7111 

62   1.7313 

63   1.7520 

64   1.7731 

65   1.7948 

66   1.8171 

67   1.8398 

68   1.8632 

69   1.8871 

70   1.9117 

71   1.9370 

72   1.9629 

73   1.9895 

74   1.01«>7 

75   1.0449 
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WEIGHT  OF  ONE  CUBIC  CENTIMETRE  OF  MOIST  NITROGEN 
IN  MILLIGRAMMES. 


t=  Degrees  Centigrade.      =Height  of  Barometer. 


t 

h.  726 

728 

730 

732 

734 

736 

738 

740 

5^ 

1.168 

1.171 

1.175 

1.178 

1.181 

1.184 

1.188 

1.191 

6° 

1.163 

1.167 

1.170 

1.173 

1.176 

1.179 

1.183 

1.186 

rjo 

1.158 

1.162 

1.165 

1.168 

1.171 

1.174 

1.178 

1.181 

8° 

1.153 

1.157 

1.160 

1.163 

1.166 

1.169 

1.173 

1.176 

9° 

1.148 

1.152 

1.155 

1.158 

1.161 

11.64 

1.168 

1.171 

10^ 

1.143 

1.147 

1.150 

1.153 

1.156 

1.159 

1.163 

1.166 

11^ 

1.138 

1.142 

1.145 

1.148 

1.151 

X.XOO 

X.XDX 

12° 

±.xoo 

1  1  ^fi 

x.xoo 

1  1 

l.l-i:0 

X.iOZ 

±.100 

13  = 

l.lz8 

1.131 

1.135 

1.138 

1.141 

1.144 

1.147 

1.150 

1.123 

1.126 

1.129 

1.133 

1.136 

1.139 

1.142 

1.145 

io 

1.118 

1.121 

1.124 

1.127 

1.131 

1.134 

1.137 

1.140 

io 

1.113 

1.116 

1.119 

1.122 

1.125 

1.129 

1.132 

1.135 

-tno 
i  1 

1.108 

1.111 

1.114 

1.117 

1.120 

1.123 

1.126 

1.130 

±  o 

1.102 

1.105 

1.109 

1.112 

1.115 

1.118 

1.121 

1.124 

1.097 

1.10^ 

1.103 

•  1.106 

1.110 

1.113 

1.116 

1.119 

20^ 

1.092 

1.095 

1.098 

1.101 

1.104 

1.107 

1.110 

1.113 

21° 

1.086 

L089 

1.092 

1.096 

1.099 

1.102 

1.105 

1.108 

22° 

■1.081 

1.084 

1.087 

1.090 

1.093 

1.096 

1.099 

1.102 

23° 

1.075 

1.078 

1.081 

1.084 

1.088 

1.091 

1.094 

1.097 

24° 

1.070 

1.073 

1.076 

1.079 

1.082 

1.085 

1.088 

1.091 

25° 

1.064 

1.067 

1.070 

1.073 

L076 

1.079 

1.082 

1.085 

26° 

1.058 

1.061 

1.064 

1.067 

1.070 

1.073 

1.076 

1.079 

27° 

1.053 

1.056 

1.059 

1.062 

1.065 

1.068 

1.071 

1.074 

28° 

1.047 

1.050 

1.053 

1.056 

1.059 

1.062 

1.065 

1.068 

29° 

1.041 

1.044 

1.047 

1.050 

1.053 

1.056 

1.059 

1.062 

30° 

L.035 

1.038 

1.041 

1.044 

1.047 

1.050 

1.053 

1.056 

WEIGHT  OF  ONE  CUBIC  CENTIMETRE   OF  NITROGEN  525 


-^CO    (M    CNl    tH    r-l    OOOSOSOOOOC—  tr-0<:0>0'*'Tt<COCO(M'HTHOO 

c^JC^c^(^q|^a(^^(^^c<^1-^r^r^TH■r^T^r-^T-^r-^^-^^H^-^ 
<X'-^coT^coOlOOlOai'*|(X)cooo<^^^o^Hl^OiT^^oo(^^'XlOcv2t-- 

COCO<rQ(r^THTHOOa50C>OOt^t--<X>^lOUO-*COCOC<]C^TH-rHOi^ 

Csj    (^q  cq  C<1    M            <^q           rH           tH    ,H           tH    rH   T-J  rH   rH   T-H   rH  rH 

COOO  CO  OOC^JC^  (^q^^^— ICDT-llOO-+iOiCOOOC<J«r>THLOOiCOt-o"* 

COC<I  rH,-lO  OOiOiOOOOt^t^COLOLO-rtirJHCOCOMi-li-lOo'^ 
(^q(^q(^q(^^(^q(^ql^q^-HTH,HT^TH1Hr^THr^r^r^l^T-^r^^Hl^ 

tH    rH    T-i    tH    r-l    r-i    rH    iH'    1-H    rH    rH    rH    rH    r-5    rH  tH^ 

Olo  orHcr5'<tio^coaD(roooc<it^i-iix>OLoajcoooc<j<;oo^f^rH 

(^q<^^(^^(^q<^qC^JTHrH^-^l-^^HTH^Hr^THr^r^r^r^r^T^r^IH^--^^_,0 
THrHiHTHrHTHiHTHT-HrHTHTHTHiHT-HiHT-HrHiHiHTHrHrHTH^^ 

t~    C<\    ■^D    T-{    ZD    r-i    CDOlOO'*ai^OOCOI>-C^<:DO^O:iCOt>-T-I  OO 

<^^(^q^HlHooa5o:.oocx)I^-':ccDuolO'^^(T^(^ocv:lC<]rHTHOOJ£?oo 

(>q    (^q    <^q    ^^q    (^^  i-H    tH    T-^    tH    rH    T-H    rH    T-!    rH   i-H   'rt   tH   T-H   i-H   rH   rH   tH  rH 

tH    tH    tH    tH    r-i    rH    th'    i-i'    1-5    tH    1-H    iH    r-    tH    r-5   tH  1— 5   rH   tH   rH  T-l 

roc^co.x)coooc<jf>'Mt^iHcrii-<LoO'*'aicot-i— loo-^ooM^ 

Cgi-HTHOOa5a500  00t-t>'^CDLOLOThiCOCO(rqCNliHTHOOiO:iOO 
(^^    |^^    (^^    (^3    <?q    tH    1-1  rH    tH    T-H  tH    i-H   rH   tH   T-H   tH   i-H  rH   T-H   o  o  o 

T-1    r-H    fH    r-5    r-5    rH    T-5    tH    rH    rH    tH    rH    rH    iH    tH  T— I   rH   1—1   tH  r^^ 

ou:)OuoO'+iai'**ai'^QOcoooc<ii>-THL:^o^ooc<it:-i-iiLOa5C<i 
(rqi-ii-iOOOiooooc^c^<:o<:DiOLOTtH^coco<>Ji-ii— 100050000 
cq  (^q  cq        <>a  1— I  1-1  1-1  iH  T-i  iH  i-H  T-j  ^-^  T-H  th  tH  rH       tH  i-H 

i-Hi— iiHiHi-5i-5iH'i-5i-5i-5i-Hi— li-liHrHi-ir^ 

t-<rqC^MCr>THCOrJCDOU^O  -^Oi-*OOC<Jt-i— llOOi'tlOOC^COOi 

tHi— lOoai0^oooot^c^oc^LO■^-^coco(^qc<!THOoaiOioot— 
(^q  i^q  CM  (?q  1—1  1—1  tH  1-H  rH  1—1  r^  rH  i—l  tH  i— (i— It— li— |i— li— IrHi-jOOOO 
i-HTHiHiHT-HTHr^i-Ii— !i— IrHi-ii— li— It— lrHi-5i-5i— It^ 

Ttiajcooootoocooo(>qc^c<ic^i— ic^Oloos-^ooc^cdi— iiooico'^ 

1— (OOOiOSOOOOt—  C-C:2<:CiLQLO-^^OOC<l(>qi— It— lOOOSOOOOt^ 
(rqC<lC<jTHrHi— IrHi— li— li— li— |tH  i-HTHi-JrHi— li— |i-Ji— li— lr-40000 
i-H    1-5    rH    1-5    1-5    th"    rH    iH    i—(    rH    iH    r-i    i—i    i—i    i-H  1-!  tH  1-5 

OloOlOOLOO^Oi'^^ai^oocot^-(^qcr>rH^«^'^'oo<^5"^oco 
rHOOcr50iooootr-<XJ!^LOir:  M^T^Hc■■5co(^q<^q'-^ooa5a5oooot^ 

i^qCqC^rHrHrHrHrHrHrHrHrHrHrHrH^THrHrHi— li— lOOOOO 

t-(^qt--(^^^^-(^■^I^-rH^Or^^DOLOO'tlOicoGO'^^^oOLoa5cot^o 
ooo50loooot-t^-c^>^OLOLC'*^!^0(^q(^qr^rHooa50ooot-t- 

CslCqi— IrHi— IrHrHrHi— li— li— IrHrHi— IrHrHrHrHrHrHi— lOOOOO 
rH    rH    r-5    r-5    rH    rH    1-5    rH    rH    rH    r-5    rH    rnV  r-5    r-5   rH   rH   r-5   r-5  rH   rH   r-5   rH   1-5   r-5  rH 

'*lOi■*cr5^oocooocooocol^-<^qc-rHCDOL::)0:l(^oc^(^qcr>o^oo 

Oa505    00    00C^t>-CO':OlOLO-:t<^COCOC<lCsJrHOOCT501  00  00  t--Cr) 
rH    rH    rH    rH    rH    rH    rH    rH    rH    rH    rH    rH    rH    rH   rH   rH   rH   rH   T-t   O   O   O   O  O  O 

iHCDi— ICDOLOOLOOLOOi'*a5COOOCOt--rHCr>0'^Cr5Mt:^i— (lO 

oc5a>ooooc--t^-cDlX>LO■>!tl-*ooco<^3<^qrHr^ooa5C<)oot^I>■cr> 

CsJrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHOOOOOO 
i-5i-5rHTHrHi--5    1-5    r-5i-5rHr-5r-5rH    1-5  rHrHi-HrHrHrHr^ 

t^-<:<lI>-C<lt--C<lC^C<ll:^C<l^C!rH:£)Oir50-^OOCOt^rHC£50-^OOC<) 

ciaioooot^-^-•lX!<:r)LOLOT^-^|^5co(^q(^qr^ooa5aioooot^^£>^Cl 

1— IrHi—lrHrHrHi— It— IrHrHT—ti-HrH  rHrHrHrHrH  i-jOOOOOOO 
r-5    1-5    1-5    1-5    iH    rH    rH    rH    rH    rH    1-5    1-5    1-5    rH    1-5   1—1   r-5   rH   1-5   rH   rH   r-5   rH   r-5   rH  ^ 

-^a5Ttioi-<+ia5^a5cooocooococ~-(>qix>i— itoOTjHoocot^rHioas 
cioooot—  c—  ':o<X)kOLO'*  Tticococ^oqi— ii— loooioooot—c^OLO 

1— IrHrHrHrHrHrHrHrHrHi— IrHrHrHrHrHrHi— li— lOOOOOOO 


OOOO  OOOOOOoOOOOOOOOOOOOOOo 

LOCOt-OO  OSOrHC^CO^LO'^t-OOOSOrHC^qCOTtHlOtOt-OOOio 
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TABLE   OF    SPECIFIC    GRAVITY    OF    SULPHURIC  ACID, 
TEMP.  15°C.      REFERRED   TO   WATER  AT  0°C. 


Per  Cent. 

Per  Cent 

Sp.  Gr. 

H2SO4 

Sp.  Gr. 

H2SO4  ■ 

1.007 

1.9 

1.308 

40.2 

1.014 

2.8 

1.320 

41.6 

1.022 

3.8 

1.332 

43.0 

1.029 

4.8 

1.345 

44.4 

1.037 

5.8 

1.357 

45.6 

1.045 

6.8 

1.370 

46.9 

1.052 

7.8 

1.383 

48.3 

1.060 

8.8 

1.397 

49.8 

1.067 

9.8 

1.410 

51.2 

1.075 

10.8 

1.424 

52.6 

1.083 

11.9 

1.438 

54.0 

1.091 

13.0 

1.453 

55.4 

1.100 

14.1 

1.468 

56.9 

1.108 

15.2 

1.483 

58.3 

1.116 

16.2 

1.498 

59.6 

1.125 

17.3 

1.514 

61.0 

1.134 

18.5 

1.530 

62.5 

1.142 

19.6 

1.540 

64.0 

1.152 

20.8 

1.563 

65.5 

1.162 

22;1 

1.580 

67.0 

1.171 

23.3 

1.597 

68.6 

1.180 

24.5 

1.615 

70.0 

1.190 

25.8 

1.634 

71.6 

1.200 

27.1 

1.652 

73.2 

1.210 

28.4 

1.671 

74.7 

1.220 

29.6 

1.691 

76.4 

1.231 

30.9 

1.711 

78.1 

1.241 

32.2 

1.732 

79.9 

1.252 

33.4 

1.753 

81.7 

1.263 

34.7 

1.774 

84.1 

1.274 

36.0 

1.796 

86.5 

1.285 

37.4 

1.819 

89.7 

1.297 

38.8 

1.842 

100.0 

NITRIC  ACID  527 

TABLE   SHOWING  THE  AMOUNT  OF  NITRIC  ACID   (HNO3)  CON- 
TAINED    IN    SOLUTIONS  OF   DIFFERENT  SPECIFIC  GRAVITIES. 
TEMP.,   15  C.  (uRe). 


Per  Cent. 
HNO3  Sp.  Gr. 


100   1.5000 

99   1.4980 

98   1.4960 

97   1.4940 

96   1.4910 

95   1.4880 

94   1.4850 

93   1.4820 

92   1.4790 

91   1.4760 

90   1.4730 

89   1.4700 

88   1.4670 

87   1.4640 

86   1.4600 

85   1.4570 

84   1.4530 

83   1.4500 

82   1.4460 

81   1.4424 

80   1.4385 

79   1.4346 

78   1.4306 

77   1.4269 

76   1.4228 

75   1.4189 

74   1.4147 

73   1.4107 

72   1.4065 

71   1.4023 

70   1.3978 

69   1.3945 

68   1.3882 

67   1.3833 


Per  Cent. 
HNO3  Sp.  Gr. 


66   1.3783 

65   1.3732 

64   1.3681 

63   1.3630 

62   1.3579 

61   1.3529 

60   1.3477 

59   1.3427 

58   1.3376 

57   1.3323 

56   1.3270 

55   1.3216 

54   1.3163 

53   1.3110 

52   1.3056 

51   1.3001 

50   1.2947 

49   1.2887 

48   1.2826 

47   1.2765 

46   1.2705 

45   1.2644 

44   1.2583 

43   1.2523 

42   1.2462 

41   1.2402 

40   1.2341 

89   1.2277 

38   1.2212 

87   1.2148 

86   1.2084 

35   1.2019 

34   1.1958 


Per  Gent. 
HNO3  Sp.Gr. 


33 

1  1895 

32  . 

1J.833 

31 

1  1770 

30 

1  1709 

29 

1  1648 

28. 

1  1587 

27 

1  1526 

26 

1  1465 

25 

1  1403 

24 

1  1345 

23 

1  1286 

22 

1  1227 

21 

1  1168 

20.  . 

1  1109 

19  

.  .  .  1.1051 

18  

1.0993 

17 

,  .  ,  1.0935 

16  

,  ,  ,  1.0878 

15  

.  .  ,  1.0821 

14  

,  .  ,  1.0764 

13  

.  .  .  1.0708 

12 

.  .  .  1.0651 

11  

1.0595 

10 

1.0540 

9 

1.0485 

8,  ,  ,  , 

,  1.0430 

7  

.  .  ,  1.0375 

6  

,  ,  1.0320 

5  

.  .  .  1.0267 

4  

1.0212 

3 

1.0159 

2 

1.0106 

1  

...  1.0053 
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TABLE   OF  SPECIFIC   GRAVITY  OF  HYDROCHLORIC  ACID. 


TEMP.  15°C.  (uRe). 


Per  Cent. 

Per  Cent. 

Percent. 

Sp.  Gr. 

HOI 

Sp.  Gr. 

HOI 

Sp.  Gr. 

HCl 

1.2000 

40.777 

1.1328 

26.913 

1.0637 

13.048 

1.1982 

40.369 

1.1308 

26.505 

1.0617 

12.641 

1.1964 

39.961 

1.1287 

26.098 

1.0597 

12.233 

1.1946 

39.554 

1.1267 

25.690 

1.0577 

11.825 

1.1928 

39.146 

1.1247 

25.282 

1.0557 

11.418 

1.1910 

38.738 

1.1226 

24.874 

1.0537 

11.010 

1.1893 

38.330 

1.1206 

24.466 

1.0517 

10.602 

1.1875 

37.923 

1.1185 

24.058 

1.0497 

10.194 

1.1857 

37.516 

1.1164 

23.650 

1.0477 

9.786 

1.1846 

37.108 

1.1143 

23.242 

1.0457 

9.379 

1.1822 

36.700 

1.1123 

22.834 

1.0437 

8.971 

1.1802 

36.292 

1.1102 

22.426 

1.0417 

8.563 

1.1782 

35.884 

1.1082 

22.019 

1.0397 

8.155 

1.1762 

35.476 

1.1061 

21.611 

1.0377 

7.747 

1.1741 

35.068 

1.1041 

21.203 

1.0357 

7.340 

1.1721 

34.660 

1.1020 

20.796 

1.0337 

6.932 

1.1701 

34.252 

1.1000 

20.388 

1.0318 

6.524 

1.1681 

33.845 

1.0980 

19.980 

1.0298 

6.116 

1.1661 

33.437 

1.0960 

19.572 

1.0279 

5.709 

1.1641 

33.029 

1.0939 

19.165 

1.0259 

5.301 

1.1620 

32.621 

1.0919 

18.757 

1.0239 

4.893 

1  1  con 

i.ioyy 

09910 

18.349 

1.0220 

4.486 

1.1578 

31.805 

1.0879 

17.941 

1.0200 

4!078 

1.1557 

31.398 

1.0857 

17.534 

1.0180 

3.670 

1.1537 

30.990 

1.0838 

17.126 

1.0160 

3.262 

1.1515 

30.582 

1.0818 

16.718 

1.0140 

2.854 

1.1494 

30.174 

1.0798 

16.310 

1.0120 

2.447 

1.1472 

29.767 

1.0778 

15.902 

1.0100 

2.039 

1.1452 

29.359 

1.0758 

15.494 

1.0080 

1.631 

1.1431 

28.951 

1.0738 

15.087 

1.0060 

1.124 

1.1410 

28.544 

1.0718 

14.679 

1.0040 

0.816 

1.1389 

28.136 

1.0697 

14.271 

1.0020 

0.408 

1.1369 

27.728 

1.0677 

13,863 

1.1349 

27.321 

1.0657 

13.456 

POTASSIUM  AND  SODIUM   HYDROXIDES  529 
SPECIFIC  GRAVITY  OF  POTASSIUM  AND  SODIUM  HYDROXIDE 


SOLUTIONS.     TEMP.  15°C. 


Sp.  Gr. 

Per  Cent. 
KOH 

Percent. 
NaOH 

Sp.  Gr. 

Per  Cent. 
KOH 

Per  <Jent. 
NaOll 

1.007 

0.9 

0.61 

1.252 

27.0 

22.64 

1.014 

1.7 

1.20 

1.263 

28.2 

23.67 

1.022 

2.6 

2.00 

1.274 

28.9 

24.81 

1.029 

3.5 

2.71 

1.285 

29.8 

25.80 

1.037 

4.5 

3.35 

1.297 

30.7 

26.83 

1.045 

5.6 

4.00 

1.308 

31.8 

27.80 

1.052 

6.4 

4.64 

1.320 

32.7 

28.83 

1.060 

7.4 

5.29 

1.332 

33.7 

29.^0 

1.067 

8.2 

5.87 

1.345 

34.9 

31.22 

1.075 

9.2 

6.55 

1.357 

35.9 

32.47 

1.083 

10.1 

7.31 

1.370 

36.9 

33.69 

1.091 

10.9 

8.00 

1.383 

37.8 

34.96 

1,100 

12.0 

8.68 

1.397 

38.9 

36.25 

1.108 

12.9 

9.42 

1.410 

39.9 

37.47 

1.116 

13.8 

10.06 

1.424 

40.9 

38.80 

1.125 

14.8 

10.97 

1.438 

42.1 

39.99 

1.134 

15.7 

11.84 

1.453 

43.4 

41.41 

1.142 

16.5 

12.64 

1.468 

44.6 

42.83 

1.152 

17.6 

13.55 

1.483 

45.8 

44.38 

1.162 

18.6 

14.37 

1.498 

47.1 

46.1  f> 

1.171 

19.5 

15.13 

1.514 

48.3 

47.60 

1.180 

20.5 

15.91 

1.530 

49.4 

49.02 

1.190 

21.4 

16.77 

1.546 

50.6 

1.200 

22.4 

17.67 

1.563 

51.9 

1.210 

23.3 

18.58 

1.580 

53.2 

1.220 

24.2 

19.58 

1.597 

54.5 

1.231 

25.1 

20.59 

1.615 

55.9 

1.241 

26.1 

21.42 

1.634 

57.5 

530 


APPENDIX 


SPECIFIC  GRAVITY  OF  AMMONIA  SOLUTIONS. 

LUNGE  AND  WIERNIK. 


TEMP.  15°C. 


Per  Cent. 

Per  Cent. 

Sp.  LrT. 

op.  Kxl . 

TV  FT 

1.000 

0.00 

0.940 

15.63 

0.998 

0.45 

0.930 

16.22 

0.996 

0.91 

0.936 

16.82 

0.994 

1.37 

0.934 

17.42 

0.992 

1.84 

0.932 

18.03 

0.990 

2.31 

0.930  . 

18.64 

0.988 

2.80 

0.928 

19.25 

0.986 

3.30 

0.926 

19.87 

0.984 

3.80  • 

0.924 

20.49 

0.982 

4.30 

0.922 

21.12 

0.980 

4.80 

0.920 

21.75 

0.978 

5.30 

0.918 

22.39 

0.976 

5.80 

0.916 

23.03 

0.974 

6.30 

0.914 

23.68 

0.972 

6.80 

0.912 

24.33 

0.970 

7.31 

0.910 

24.99 

0.968 

7.82 

0.908 

25.65 

0.966 

8.33 

0.906 

26.31 

0.964 

8.84 

0.904 

26.98 

0.962 

9.35 

0.902 

27.65 

0.960 

9.91 

0.900 

28.33 

0.958 

10.47 

0.898 

29.01 

0.956 

11.03 

0.896 

29.69 

0.954 

11.60 

0.894 

30.37 

0.952 

12.17 

0.892 

31.05 

0.950 

12.74 

0.890 

3L75 

0.948 

13.31 

0.888 

32.50 

0.946 

13.88 

0.886 

33.25 

0.944 

14.46 

0.884 

34.10 

0.942 

15.04 

0.882 

34.95 
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Acidimetry   401,  424 

Alkalies,  determination  of,  in  slags. 186 

in  insoluble  silicates  188 

and  alkaline  corbonates  420 

Alkalimetry   408,  416 

Alkaline    earths,    qualitative  test 

for   494 

Alkaline  earths,  volumetric  deter- 
mination  422 

Alum   108 

Aluminum,  determination  as  oxide. 108 

in  pig  iron,  etc  279 

in  insoluble  silicates  194 

in  the  presence  of  sulphuric  acid. 108 

separation  from  barium  135 

separation  from  boric  acid  176 

separation  from  calcium  

 53,  135,  174,  186 

separation  from  chromium  207 

separation  from  cobalt  135,  186 

separation  from  copper  135,  186 

separation  from  iron. 110, 123, 179,  214 

separation  from  lead  186 

separation  from  magnesium  

 123,  135,  150,  186 

separation  fro.m  manganese  187 

separation  from  mercury ...  247,  248 
separation  from  phosphoric  acid. 

 124,  347 

separation  from  potassium  108 

separation  from  silicon  174,  194 

separation  from  sodium  174 

separation  from  titanium  290 

separation  from  zinc  199 

Aluminum,  qualitative  tests  for. . .  . 

 467,  490,  491,  492 

Ammonia,  determination  as  ammo- 
nium— platimic  chloride  109 

as  platium   110 

in  mineral  water  347 

in  well  water  329 

determination  in  guano  361 

colorimetric  determination   327 


volumetric  determination ...  416,  456 

separation  from  the  metals  108 

qualitative  tests  for  464,  498 

Ammonium  molybdate  solution,  for 
the  determination  of  phosphoric 
acid    42 

Analysis,  qualitative,  scheme  for.. 463 
by  precipitation  (volumetric) ...  454 
by  saturation  408 

Antimony,  determination  as  penta- 

sulphide    89 

determination  as  trisulphide .  .  .  .  78 
indirect  determination  as  barium 

sulphate    79 

volumetric  determination ...  233,  453 
determination  in  antimony  ores.  .233 

determination  in  pig-iron  288 

separation  as  sodium  antimonato  88 

separation  from  arsenic  89,  91 

separation  from  arsenic  and  tin.  95 

separation  from  bismuth  263 

separation  from  cadmium  263 

separation  from  cobalt   22 

separation  from  copper  

 142,  187,  216,  222,  232,  263 

separation  from  iron.93,  142,  232,  263 

separation  from  lead  78,  141,  222 

separation  from  manganese  263 

separation  from  nickel  222,263 

separation  fr^m  selenium  257 

separation  from  silver  222 

separation  fram  tin  87,  88 

separation  from  vanadium  251 

separation  from  zinc  263 

metallic,  analysis  of  263 

qualitative  tests  for  465,  468 

Apparatus  used  in  volumetric  an- 
alysis  411 

Arsenic,  determination  as  ammon- 
ium-magnesium arsenate   96 

determination  as  magnesium  py- 

roarsenate    96 

determination  as  pentasulphide. 


531 


532 


INDEX 


 90,  97 

determination  as  trisulphide.  .92,  93 

in  pig-iron   288 

indirect  determination  as  barium 

sulphate    92 

volumetric  determination ....  92,  449 
separation  from  antimony ....  89,  91 
separation  from  antimony  and  tin 

  95 

separation  from  bismuth  222 

separation  from  cadmium  260 

separation  from  copper  

 186,  215,  220,  222 

separation  from  lead  242 

separation  from  selenium  257 

separation  from  tin  90,  97 

separation  from  vanadium  257 

qualitative  tests  for.  .  .  .465,  483,  484 
Arsenic  Acid,  separation  from  phos- 
phoric acid   243 

qualitative  test  for  484 

Arsenopyrite   215 

Arsenous  acid  in  realgar  and  orpi- 

ment   449 

qualitative  tests  for  465,  484 

Asbestos  niter  14,  15 

Ashes,  analysis   356 

Balance    7 

Barite    62 

Barium,  determination  as  carbonate  25 

determination  as  chromate   99 

determJnation  as  sulphate   25 

volumetric  determination  as  bar- 
ium chloride    456 

separation  from  calcium  101 

separation  from  magnesiu.m. .  .  .103 

separation  from  strontium   99 

separation   from   strontium  and 

calcium   102 

separation  from  sulphuric  acid..  62 

qualitative  test  for  494 

Barium  Chloride    25 

Bases,  separation  of  463 

Beryllium,  qualitative  ^est  for  506 

Bessemer  slags   202 

Bismuth,  determination  as  basic  ni- 
trate   72 

determination  as  oxide   72 

determination  as  oxychloride.71,  73 
determination    as    metallic  bis- 
muth   73 

separation  from  aluminum  186 

separation  from  antimony  262 

separation  from  cadmium. .  .76,  260 
separation  from  copper  


 70,  250,  260,  265 

separation  from  gold  and  cobalt.  .250 

separation  from  iron  186,  222 

separation  from  lead  71,  76,  77 

separation  from  mercury ....  78,  246 
separation  from  molybdenum.  .  .228 

separation  fro,m  nickel.  250 

separation  from  phosphorus  28 

separation  from  selenium  251 

separation  from  silver  260,  265 

separation  from  tellurium  250 

separation  from  tin  76,  77,  262 

separation  from  vanadium  224 

separation  from  zinc  222 

metallic,  analysis  of  270 

qualitative  tests  for.468,  471,  472,  486 

Bismuthinite   250 

Borax    bead,    deportment   of  sub- 
stances in   470 

Boric  acid,  qualitative  test  for  517 

Bromine,  qualitative  test  for  464 

Black  copper   265 

Blast  furnace  slag  202 

Blast  lamp   9 

Bog  iron  ore  131 

Bone  black   365 

Bone  meal   364 

Boracite   169 

Boron,  determination  as  potassium 

fluoborate   165 

Boric  Acid,  determination  of  in  the 
presence  of  hydrochtoric  acid.  168 
determination  of,  in  minerals.  . .  .176 
determination  of,  in  mineral  wa- 
ters  341 

determination  of,  in  selicates.  .  .  .204 

Bourmonite   234 

Brass    63 

Bromine,  determination    as  silver 

bromide   46,  48,  52 

gravimetric  determination  of,  in 

the  presence  of  iodine.. 47,  48,  49 
volumetric   determination  of,  in 

the  presence  of  chlorine.  .. 46,  443 
separation    from     chlorine  and 

iodine    49 

determination  of,  in  mineral  wa- 
ters  341 

Bronze  Coins    67 

Burettes   3,  414 

Cadmium,  determination  as  oxide, 

determination  as  sulphide   76 

separation  from  antimony  257 

separation  from  arsenic  ...257 

separation  from  bismuth   76 


INDEX 


533 


separation  from  copper  142 

separation  from  lead   76 

separation  from  tin   76 

separation  from  zinc  141 

qualitative  tests  for.465,  469,  470,  487 

Caesium,  qualitative  test  for  497 

Calamine   148 

Calcite    21 

Calcium,  precipitation  as  oxalate..  21 

determination  as  carbonate   21 

determination  as  oxide   22 

determination  as  sulphate  102 

volumetric  determination  431 

separation  from  the  alkalies  135 

separation  from  aluminum  174 

separation  from  barium  101 

separation     from     barium  and 

strontium   102 

separation  from  iron. 54,  55,  119,  213 

separation  from  magnesium  

 54,  55,  103 

separation  from  manganese .  121,  149 
separation  from  phosphoric  acid. 

 149,  242 

separation  from  strontium. .  101,  102 

separation  from  tungsten  254 

separation  from  uranium  252 

qualitative  test  for  494 

Calcium  Carbonate   .  21 

Carbide  Carbon   312 

Carbon,  determination  in  pig-iron, 

etc   -  r292-313 

colorimetric  determination  in 

iron   311 

determination  in  guano   .364 

separation  from  silver  chloride.  . 228 
Carbon  dioxide,    determination  by 

direct  weighing  56,  59,  61 

determination  by  loss  381 

determination  in  mineration  wa- 
ter  336,  339,  340 

determination  in  the  presence  of 

hydrogen  sulphide  384 

volumetric  determination  in  car- 
bonates  421 

qualitative  tests  for  467,  518 

Carbon  monoxide,   qualitative  test 

test  for   464 

Cerium,  qualitative  tests  for.. 504,  506 

Cerussite   236 

Chalcopyrite   215 

Chloric  Acid,  volumetric  determina- 
tion  445,  452 

Chloride  of  Lime,  technical  valua- 
tion  443,  450 


Chlorimetry   448 

Chlorine,  determination    as  silver 

chloride   26,  39 

-volumetric  determination  

 441,  450,  455 

determination  of,  in  the  presence 

of  bromine   46,  49 

determination  of,   in  substances 

insoluble  in  water  148 

separation  from  iodine.. 44,  48,  49 
volumetric   determination  of,  in 

the  presence  of  bromine  443 

volumetric  determination  of,  in 
the  presence  of  iodine.  ... 441,  443 

qualitative  test  for  464 

Chlorous   Acid,   volumetric  deter- 
mination  443 

Chromic  Acid,  volumetric  determin- 
ation  433,  445,  451 

Chromium,    determination    of,  as 

lead  chomate    39 

determination  of,  as  oxide.... 39,  43 

determination  in  pig  iron  285 

determination    of,    in  insoluble 

silicates   206,  207 

qualitative  test  for  470,  471 

separation  from  iron  205 

separation  from  lead   43 

separatiin  from  potassium   39 

separation  from  uranium  253 

Chrome  Steel  271 

Chromite   205 

Cinnabar   246 

Clay   195 

Clay  iron  ore  127 

Coal,  proximate  analysis  374 

ultimate  analysis  ...378 

determination  of  heating  effect.. 378 
Cobalt,  determination  as  cobaltous 

oxide    33 

determinatiion  as  metallic  cobalt  33 
volumetric  determination   of  co- 

baltic  oxide   452 

separation  from  iron  69,  136 

separation  from  manganese  136 

separation  from  nickel. 33,  34,  35,  36 

separation  from  zinc  219 

qualitative  tests  for  469.  470,  472 

Cobalt  Sulphate   33 

Cobaltite   2^6 

Colorimeter,  Duboscq   326 

Copper,  determination  as  cupric  ox- 
ide   22 

determination  as  metallic  copper  71 
determination  as  sulphocyanate. .  23 
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determination    as    cuprous  sul- 
phide   66 

electrolytic  deternriination   218 

volumetric  determination  

 216,  217,  447,  454 

determination  in  pig-iron,  etc... 287 

separation  from  antimony  

 142,  186,  216,  222,  232,  262 

separation  from  arsenic  

 186,  215,  219,  222 

separation  from  oismuth   70 

separation  from  cadmium  141 

separation  from  cobalt  and  nickel 

 68,  73 

separation  from  iron. 67,  122,  186,  213 

separation  from  lead  141 

separation  from  phosphorus   82 

separation  from  silver   66 

separation  from  tin  67,  83 

separation  from  tungsten  251 

separation  from  zinc. 63,  67,  73,  142 

qualitative  tests  for  468,  470,  472 

Copper  ,matte   217 

Copper  slags   186 

Copper  speise  222 

Copper  sulphate   22 

Cupola  slags   202 

Cuprous  oxide,  determination  in  re- 
fined "copper  268 

Cyanides,  qualitative  test  for  466 

Datolite   176 

Decantation    11 

Decomposition    of     substance  by 

fusion   9,  476 

^essicator    5 

Diamond  mortar    4 

Didymium,  qualitative  detection... 

 504.  506 

Dolomite   53 

Drying  substances    5 

Bau  de  Javelle,  valuation  of  450 

Electrolysis    1 

Elutriation    5 

Epidote   199 

Erbium,  qualitative  tests  for.. 504,  507 

Feldspar   194 

Perro-manganese  271 

Ferro-silicon   271 

Ferrous  sulphate    24 

Filter  paper    16 

Filtration   11,  13 

Flame  colorations   ....473 

Flourine,  determination  as  calcium 

fluoride   150 

gasometric  determinatioi;  153 


volumetric  determination   152 

determination  in  .mineral  water. 341 
determination  in  the  presence  of 

phosphoric  acid   150 

qualitative  test  for  515 

Furnace  bears   228 

Galenite   237 

Gangue,  determination  in  the  pres- 
ence of  silica  127,  197 

German  silver    73 

Glass   198 

Glaucodote    23 

Gold,  determination  in  pyrite  212 

determination  in  the  dry  way. . .  .239 
separation  from  molybdenum. . .  .228 

separation  from  silver  239 

separation  from  tellurium  250 

separation  from  vanadium  228 

qualitative  tests  for  468,  482,  485 

Gooch  crucible   14 

Graphitic  carbon,  determination  in 

pig-iron   312 

Gravimetric  analysis    1 

Green  Vitriol   24 

Group  reagents,  deportment  of  the 

acids  with   509 

deportment  of  the  bases  with... 478 

Guano   •.  360 

Gunpowder   388 

Hard  lead   262 

Hematite   122 

Hydrogen  sulphide,  determination .  181 
determination  in  mineral  water. 

 334,  335 

determination  in  the  presence  of 

carbon  dioxide   384 

determination  in  the  presence  of 

sulphuric  acid   335 

volumetric  determination  

 334,  433,  447,  452 

Hydriodic  acid,   volumetric  deter- 
mination  425 

qualitative  test  for  514 

Hydrochloric  acid,  qualitative  test 

for  513 

Hydrobromic  acid,  qualitative  test 

for   514 

Hydrofluoric  acid,  qualitative  tests 

for   474,  515 

Hydrogen,  determination  of,  in  or- 
ganic substances   390 

preparation    31 

Hydrogen  sulphide,  qualitative  tests 

for   464,  512 

Hypochlorous  acid,  volumetric  de- 
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termination  443,  450 

Ilvaite   178 

Indicators   408 

Indium,  qualitative  tests  for  

 468,   479,  507 

Iodic   acid,   volumetric  determina- 
tion  446 

Iodine,  determination  as  palladous 

iodide    44 

determination  as  thallous  iodide.  45 

volumetric  determination   440 

determination  in  mineral  waters. 340 
determination  in  phosphorites ...  158 
determination  in  the  presence  of 

bromine    45 

determination  in  the  presence  of 

chlorine   44,  441 

qualitative  test  for  464 

separation  from  bromine.. 46,  4/,  48 
separation  from  chlorine.  .44,  45,  49 
separation    from    bromine  and 

chlorine    49 

Iridium,  qualitative  tests  for. ..469,  499 
Iron,  determination  as  oxide.... 24,  54 

determination  in  pig-iron  288 

ferric,  determination  in  iron  ores. 

 128,  129 

ferric,  volumetric  determination 

of,  with  stannous  chloride. 122,  434 
ferrous,   determination    in  well 

water   316 

ferrous,  determination  in  mineral 

water   336 

ferrous,    determination    in  the 

presence  of  ferric  113 

ferrous,   determination  in  insolu- 
ble silicates  200 

ferrous,  volumetric  determination 

with  patassium  bichromate ....  113 
ferrous,  volumetric  determination 

with  potassium  permangnate.  .111 
ferrous,    determination    in  iron 

ores   Ill,  128 

metallic,  determination  in  slags.  183 

qualitative  test  for  490 

separation  from  aluminum  

 110,  123,  179,  213,  275 

separation  from  aluminum,  cal- 
cium, cobalt,  copper,  chromium, 
lead,    magnesium,  manganese, 
nickel,  titanium  and  zinc.  .213,  275 
separation    from    antimony  and 

tin    93 

separation    from    calcium  and 
magnesium  54,  55,  119,  213,  275 


separation  from  chromium  205 

separation  from  cobalt  and  nickel 

-   68,  135 

separation  from  copper  

 67,  122,  186,  213 

separation  from  manganese  

 119,  120,  135,  143,  213,  275 

separation  from  molybdenum.  . .  .228 

separation  from  phosphorus  228 

separation  from  titanium. . .  .124,  125 

separation  from  tungsten  254 

separation  from  zinc  64,  67,  143 

separation  from  zirconium  209 

Kaolin   195 

Kipp's  apparatus    31 

Lanthanum,  qualitative  tests  for.  . 

 504,  50G 

Lead,  determination  as  chloride.43,  141 

determination  as  sulphate   63 

determination  as  sulphate   63 

determination  as  sulphide   44 

determination  in  the  dry  way.  .  ,  .238 

volumetric  determination  432 

qualitative  test  for  468,  486 

separation  for  antimony   78,  222 

separation  from  arsenic  242 

separation  from  bismuth.  .  .72,  76,  78 

separation  from  cadmium   76 

separation  from  chromium   43 

separation  from  copper  142 

separation  from  gold  239 

separation  from  iron  214 

separation  from  mercury   78 

separation  from  molybdenum.  . .  .241 
separation  from  phosphoric  acid. 203 

separation  from  selenium  251 

separation  from  silver  237 

separation  from  silicon  141 

separation  from  sulphur  222 

separation  from  tin  68,  76,  78 

separation  from  vanadium  162 

separation  from  zinc  70,  141 

separation    from  zinc,  iron  and 

nickel   63 

Lead  chromate   43 

Lead  dioxide,  determination  in  the 

presence  of  lead  monoxide  244 

Lead  matte   219 

Lead  monoxide,  determination  of  in 

the  presence  of  lead  dioxide  244 

Lead  peroxide,  volumetric  determin- 
ation  446 

Lead  slags  186 

Lead  speise  222 

Lead  sulphate,  determination  in  the 
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presence  of  silicic  acid  238 

Limonite   131 

Linnaeite   236 

Lithium,     determination    as  sul- 
phate 139 

determination  in  mineral  water, 352 
determination  in    insoluble  sili- 
cates  188 

qualitative  detection   481,  497 

separation  from  potassium  and 

sodium   139 

Magnetite   128 

Marble    21 

Magnesium,  determination  as  oxide 

 28,  106 

determination  as  pyrophosphate.  27 

qualitative  test  for  495 

separation  from  the  alkalies. 105,  107 
separation    from    the  alkaline 

earths   103 

separation  from  calcium   54 

separation  from  iron  

 54,  55,  119,  120,  213 

Magnesia  mixture    41 

Magnesium  sulphate    27 

Manganese,   determination  as  tri- 
manganese  tetroxide  ...37,  38,  39 

determination  as  sulphate   39 

determination  as  sulphide   39 

determination  in  iron  ores,  pig- 
iron,  etc.,  by  Hampe's  method. 281 

Julien's  method   282 

Volhard's  method  114,  280 

qualitative  tests  for  470,  492 

separation  from  calcium ....  121,  148 
separation     form     cobalt  and 

nickel   136 

separation  from  iron  

 119,  120,  136,  143,  214,  282 

separation  from  tungsten  254 

separation  from  zinc  85,  143 

Manganic  acid,  qualitative  test  for.492 

volumetric   determination  446 

Manganese  dioxide,  determination.  131 

volumetric  determination  

 134,  446,  452 

Manganous  chloride   37 

Mercury,  determination  as  metallic 

mercury  227,  247 

determination  as  mercurous  chol- 

oride    247 

determination  as  mercuric  sulph- 
ide  78,  247 

determination  in  cinnabar ..  247,  248 

qualitative  tests  for  465,  482 

separation  from  bismuth   78 


separation  from  lead   78 

separation  from  tin   78 

Molybdenum,  determination   228 

qualitative  tests  for  469,  499 

separation  from  lead   240 

separation  from  phosphoric  acid. 232 

separation  from  tungsten  256 

separation  from  vanadium  229 

Molybdenite   249 

Molybdic    acid,    volumetric  deter- 
mination  241 

Natrolite   174 

Nessler's  reagent   498 

Nickel,  determination    as  metallic 

nickel    35 

determination  as  nickelous  oxide 

 34,  35,  36,  08,  75 

qualitative  tests  for.469,  470,  471,  472 
separation  from  cobalt. 33,  34,  35,  36 

separation  from  copper  68,  73 

separation  from  iron  69,  136 

separation  from  manganese  136 

separation  from  zinc  65,  69,  76 

metallic,  analysis  of  271 

Nickel  coins    68 

Nickel,  cube   271 

Nickel  matte   219 

Niccolite   235 

Niobic  acid,  qualitative  tests  for.  .  . 

 467,  504,  505 

Niter   387 

Nitric  acid,  volumetric  determina- 
tion  424,  433 

determination  in  mineral  water. 346 

determination  in  niter  387 

determination  in  well  water.... 323 

qualitative  test  for  513 

Nitrogen,  determination   398 

determination,  absolute   401-406 

determination,  Kjeldahl's 

method   366 

determination  in  fertilizers  401 

determination  in  pig-iron  313 

qualitative  test  for  389 

Nitrous  acid,  in  well  water,  colori- 

metric  determination   326 

qualitative  test  for  513 

Normal  solutions   407 

Olivine   177 

Organic  compounds,  analysis  of... 

 389,  406 

deportment  in  preliminary  tests. 466 
Organic  matter,  determination  in 

well  water  330 

Orpiment,  determination  of  arsen- 
ous  acid  in  449 
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Osmium,  qualitative  tests  for. 502,  503 
Oxalic     acid,     determination  in 

guano   365 

influence  of  in  tests  491,  492,  493 

Oxidation  and   reduction,  analysis 

by  .  .  .   410,  427 

Oxygen,  determination  in  organic 

matter   390 

determination  in  peroxides  139 

qualitative  test  for  464 

Palladium,  qualitative  test  for  503 

Pearl  ash  386 

Permanganic  acid  qualitative  test 

for   492 

Pig-iron   271 

Phosphorus,  determination    in  al- 
loys   85 

determination  of,  in  pig-iron,  etc. .298 

determination  in  iron  ores  124 

volumetric  determination  in  pig- 
iron,  etc  299 

Phosphoric  acid,  determination  as 
magnesium  pyrophosphate  ....  41 
determination  in  phosphorites ..  159 
determination  in  the  presence  of 

metals   149 

indirect  determination  with  am- 
monium-phospho   molybdate...  41 

determination  in  guano  361 

reverted,  determination  in  super- 
phosphates  371 

separation  from  aluminum  124 

separation  from  arsenic  acid. .  .  .243 

separation  from  fluorine  -.150 

separation  from  molybdenum.  .. 232 

separation  from  sodium   42 

soluble,  determination  of,  in  su- 
perphosphates  370 

volumetric  deter,mination  .  .  .159,  457 

Phosphor  bronze   82 

Phosphor-manganese  bronze   83 

Phosphoric  acid,  separation  from 

vanadium   162.  232 

separation  from  tin  83,  84 

qualitative  test  for  512 

Phosphorite   ..148 

Platinum,  qualitative  test  for  

 469,  482,  499 

Platinum  ware,  care  of   19 

Porcelain   198 

Potassium  ferrocyanide,  volumetric 

determination  of  432 

determination  as  chloride   40 

determination  as  potassium-pla- 
tinic  chloride   104 


determination  as  sulphate  106 

volumetric  determination  as  po- 
tassium acid  tartate  426 

volumetric  determination  as  po- 
tassium fluosilicate  426 

determination   in   insoluble  sili- 
cates  188 

determination  in  mineral  water. 351' 
determination  in  the  presence  ot 

heavy  metals   138 

determination  in  the  presence  of 

sodium   105,  107 

qualitative  tests  for  497 

separation  from  aluminum  108 

separation  from  calcium  135 

separation  from  chromium   39 

separation  from  lithium  138 

separation  fro,m  magnesium. 105,  107 
separation  from  the  non-alkaline 
bases  with  barium  hydroxide.  .  .  .351 
separation  from  phosphoric  acid. 148 

separation  from  sodium  103 

Potassium  sichromate   39 

Potassium  permanganate,  standard- 
ization  429,  431 

Precipitates,  treatment  of  10-20 

Precipitation    10 

Prehnite   175 

Preliminary  tests   464 

Proustite  225 

Psilomelane   135 

Pulverization    4 

Pyrargyrite   225 

Pyrites  210 

Pyromorphite   .242 

Realgar,  determination  of  arsenous 

acid   449 

Red  lead,  valuation  244 

River  water   315 

Refined  copper   268 

Refined  lead   257 

Refining  slag   183 

Rhodium,  qualitative  tests  for. 469.  502 

Roasted  pyrites   213 

Rubidium,  qualitative  test  for.497,  498 

Ruby  silver  one  225 

Ruthenium,  qualitative  test  for.  .  .  .^-02 
Salt    of    phosphorus    bead,  deport- 
ment of  substances  in.  471 

Saltpeter   387 

Scheelite   257 

Selenium,  determination  251 

determination   in   pyrites  212 

separation    from    antimony,  ■  ar- 
senic,   barium,    bismuth,  cal- 
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ciiim,  cobalt,  copper,  iron,  lead, 
magnesium,  nickel,  silver,  sili- 
con, strontium  and  vanadium. .  251 

qualitative  test  for  499 

Selenic  acid,  interference  in  test 

for  sulphuric  acid  511 

volumetric     determination.  (See 

iodates)   446 

Siderite  Ill 

Sifting    4 

Silver,  determination  as  chloride..  66 
determination  as  metallic  silver. 261 
determination  in  the  dry  way... 

 237,  238,  245 

determination  in  the  presence  of 

gangue   237 

determination  in  red  lead  245 

volumetric  determination   454 

qualitative  tests  for.468,  470,  471,  486 
separation  from  antimony  and  ar- 
senic  222 

separation  from  bismuth. ...  260,  2(55 

separation  from  cadmium  260 

separation  from  carbon  231 

separation  from  copper  66,  250 

separation  from  gold  239 

separation  from  iron  222 

separation  from  lead  238,  260 

separation  from  mercury  249 

seperation  from  molybdenum.  .  .  .228 
separation  from  phosphorus.  .  .  .  .228 

separation  from  selenium   251 

separation  from  sulphur  222 

separation  from  vanadium  228 

separation  from  zinc  222 

metallic  analysis  of  270 

Silver  coins   66 

Silicates  169 

Silicates,   decomposition  with  acid 

liiider  pressure-  193 

decomposition  with  boric  oxide.  191 

Silicic  acid,  determination   53 

determination  in  the  pesence  of 

gangue   127,  197 

determination  in  insoluble  sili- 
cates  187,  191,  193 

determination    in    soluble  sili- 
cates  169 

qualitative  test  for  516 

separation  from  the  alkalies  188 

separation  from  aluminum.  .169,  206 
separation  from  aluminum,  cal- 
cium, iron  and  magnesium   53 

separation  from  barium  62,  186 

separation  from  boric  acid  in  sili- 


cates  204 

separation  from  calcium ....  169,  206 

separation  from  carbon  264 

separation  from  fluorine  148 

separation  from  iron  196 

separation  from  lead  141,  237 

separation  from  magnesium. 169,  20G 
separation  from  manganese .  175,  199 

separation  from  silver  237 

separation  from  sulphur  62,  179 

separation  from  tin   198 

separation  from  titanium.  .  .124,  173 

separation  from  tungsten  254 

Silicon,  determination  in  ferro-sili- 

con   272 

See  also  Silicic  acid, 
determination  in  pig-iron ...  272,  273 

Slags   183,  186,  202 

Soap   386 

Soda  ash,  valuation  381 

Soft  solder   68 

Solution  of  the  substance  8,  474 

Specific  gravity  of  mineral  water, 

determination   337,  338 

Spelter   263 

Sphalerite   141 

Spiegeleisen   271 

Spring  water   315 

Stannic  oxide,  qualitative  test  for. 

 467,  484,  485 

Stannous  oxide,  qualitative  test  for. 485 

Steam-Bath    9 

Sodium,  determination  as  chloride.  42 
determination  of  hydroxide  in  the 

presence  of  carbonate  384 

determination  in  mineral  water. 351 
determination  of,  in  the  presence 

of  aluminum   174 

determination  of  in  the  presence 

of  potassium  103 

indirect    determination    in  the 

presence  of  potassium ....  105,  107 
volum.etric  determination  as  cor- 

bonate   381 

qualitative  test  for  497 

separation  from  lithium  138 

separation  from  magnesium. 105,  107 
separation  from  phosphoric  acid.  42 
volumetric  determination  as  car- 
bonate  381 

volumetric      determination  as 

chloride   455 

volumetric  determination  as  sod- 
ium fluosilicate  426 

Sodium  arsenite  and  iodine  448 


INDEX 


539 


Sodium  phosphate   40 

Sodium  thiosulphate,  volumetric  de- 
termination  440 

Sodium  thiosulphate  and  iodine  —  437 

Steel   265 

Stibnite   232 

Strontium,    determination   as  sul- 
phate  102,  103 

volumetric  determination  456 

qualitative  test  for  494 

separation  from  barium   99 

separation  from  calcium  101 

separation  from  barium  and  cal- 
cium  102 

separation  from  magnesium  103 

separation  from  sulphuric  acid..  103 
Sulphur,  determination  as  barium 

sulphate  23,  63 

free,  determination  of  180 

determination  in  sulphides  

 147,  181,  210,  237,  246 

determination  in    insoluble  sili- 
cates  222 

determination  in  coal  376 

determination  in  zinc  265 

determination  in  pig-iron ....  291-297 
in  iron,   colorimetric  determina- 
tion  297 

qualitative  tests  for  464,  512 

separation  by   volatilization  as 

chloride   222 

separation  from  antimony .  .221,  232 

separation  from  carbon  388 

separation  from  cobalt  222 

separation  from  copper  222 

separation  from  lead  222,  232 

separation    from    nickel,  silver, 

bismuth,  zinc   222 

separation  from  silicon  179 

Sulphuric    acid,    determination  in 
the  presence  of  ferric  iron. 24,  124 

determination  in  iron  ores  124 

concentrated,  deportment  of  sub- 
stances with  473 

determination  in  insoluble  sub- 
stances   62 

determination  in  the  presence  of 

aluminum  108 

determination  in  the  presence  of 

hydrogen  sulphide   335 

qualitative  test  for  511 

separation    from    barium,  stron- 
tium and  calcium  62,  103 

separation  from  iron  232 

separation  from  silicic  acid   63 


'  volumetric  determination  

 321,  424,  457 

Sulphurous  acid,  qualitative  tests 

for  464,  511 

Superphosphates   369 

Tantalic  acid,  qualitative  tests  for. 

 467,  504,  505 

Tellurium,  determination   250 

qualitative  tests  for  465,  469,  500 

separation    from    arsenic,  anti- 
,mony,  bismuth,  cobalt,  copper, 

gold,  iron  and  nickel  250 

Temper   carbon,   determination  in 

iron   .  313 

Tetrahedrite   226 

Thallium,  qualitative  tests  for. 468,  507 
Thiosulphuric  acid,  determination. 

 335,  382,  440 

Tin  ore  149 

Titanium,    determination    in  pig- 
iron   290 

separation  from  aluminum, 

chromium,    iron,  phosphorus 

and  silicon  124,  125,  173,  290 

Titanic  acid,  determination  in  in- 
soluble silicates   173 

determination  in  iron  ores  124 

qualitative  tests  for  470,  471,  472 

Tourmaline   204 

Tungsten,  determination   254 

determination  in  pig-iron,  etc.  .  .  .284 
separation  from  calcium,  copper, 
iron,  magnesium,  manganese,  si- 
licic acid  and  tin  254,  257,  284 

separation  from  molybdenum. .  .  .257 

qualitative  tests  for  

 467,  469,  470,  471,  472,  501 

Tungsten  steel  271 

Type  metal    78 

Tin,  determination  as  oxide  67,  83 

indirect  determination  as  barium 

sulphate    84 

determination  in  bronze   86 

determination  in  glass  198 

determination  in  tin  ore  140 

qualitative  tests  for  468,  484 

separation  from  antimony. 87,  88,  95 
separation  from  arsenic.  .. 88,  95,  97 

separation  from  bismuth  76,  77 

separation  from  cadmium.  .  .  .76,  262 

separation  from  copper  67,  83 

separation  from  iron  93,  209 

separation  from  lead  68,  76,  77 

separation  from  manganese  and 
nickel   84,  143 
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separation  from  mercury   77 

separation  from  phosphoric  acid. 

 83,  84 

separation  from  silicic  acid  198 

separation  from  tungsten,  .  .255,  256 

separation  from  zinc   67 

metallic   269 

Ulexite   164 

Ullmannite   235 

Ultimate  analysis   378,  390 

Uraninite   251 

Uranium,  determination  in  urani- 

ite   252 

qualitative  test  for  490 

separation  from  the  alkaline 
earths,  chromium,  iron,  cobalt, 
manganese,  magnesium,  nickel 

and  zinc   251 

Uric  acid,  determination  in  guano. 366 

Ultramarine  179 

Vanadinite   162 

Vanadium,  determination.  162,  229,  251 
volumqtnc    determination  (see 

iodates  441)   163,  230 

determination  in  pig-iron  285 

determination  in  the  presence  of 

molybdenum   230 

Qualitative  test  for  499,  501 

separation  from  antimony  and  ar- 
senic  251 

separation  from  calcium  251 

separation  from  cobalt  and  cop- 
per  228 

separation  from  gold  228 

separation  from  iron  228,  251 

separation  from  lead  228 

separation  from  manganese  251 

separation  from  nickel,  silver  and 

bismuth   228 

separation  from  phosphoric  acid. 

 162,  232 

separation  from  tin  251 

Volumetric  analysis  3,  407 

Water,  determination  by  loss  

 25,  131,  140 

direct  determination  61,  110 

determination  in  silicates  171 

determination  in  the  presence  of 

ammonia   110,  360 

determination  in  the  presence  of 
organic  matter  176 


determination  of  total  hardness. 319 
determination  of  permanent  hard- 
ness  320 

determination  in  coal  374 

determination  in  guano  360 

determination  of  specific  gravity. 

 337,  338 

Water-bath   9 

Well  water   315 

White  vitriol   29 

Wolframite   254 

Wood's  metal    76 

Work-lead  262 

Wulfenite   241 

Yttrium,  qualitative  tests  for.  .504,  506 

Zinc   263 

determination  as  oxide  29,  64 

determination  as  sulphide  30.  64 

volumetric  determination. .  .145,  146 

determination  in  zinc  ores  144 

qualitative  test  for  467,  469,  493 

separation  from  aluminum.  .  143,  199 
seaaration    from    antimony,  ar- 
senic and  tin  219,  263 

separation  from  bismuth  222 

separation  from  cadmium  141 

separation  from  cobalt  219,  222 

separation  from  copper  

 63,  67,  73,  142,  222 

seiDaration  from  iron  

 65,  67,  75,  143,  186,  213,  219 

separation  from  lead. 63,  70,  141,  219 

separation  from  magnesium  141 

separation  from  manganese   83 

separation  from  nickel  

 67,  70,  75,  219 

separation  from  phosphorus. 202,  228 

separation  from  silver  222 

separation  from  tin  67,  262 

separation  from  uranium  251 

separation  from  vanadium.  .228,  251 

Zinc  blende  141 

Zinc  dust,  valuation  265 

Zinc  silicates  148 

Zinc  sulphate   29 

Zinkenite   234 

Zircon   209 

Zirconium,  determination  in  insolu- 
ble silicates   209 

qualitative  test  for  504,  506,  507 
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bet at  the  end,  with  publishers  and  prices;  there  are  also  blank  pages  for  additional 
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cases  may  well  be  called  leading  cases,  and  will  afford  much  aid  to  the  seeker  of 
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I  have  examined  with  care  the  copy  of  Prof.  Dwyer's  selected  cases  on  Private 
International  Law,  which  you  sent  me  some  weeks  since,  and  1  have  no  hesitation  in 
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interest  and  importance  in  connection  with  the  subject  of  Private  International 
Law.  I  have  taught  Private  International  Law  by  m  ans  of  lectures  for  several 
years,  and  feel  quite  competent  to  juJge  of  the  sagacity  in  the  selection  of  the 
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cases,  and  of  the  admirable  arrangement  of  them  in  their  sequential  ordei  by 
Mr.  Dwyer  in  his  volume  of  cases.  I  can  most  cordially  commend  the  volume,  and 
shall  myself  hereafter  use  it  in  the  Iowa  College  of  Law.  C.  C  COLE, 

Iowa  College  of  Law. 
I  have  examined  with  care  Dwyer's  "  Cases  on  Private  International  Law,"  and 
find  them  judiciously  selected  and  edited.  The  awthor  has  succeeded  in  presenting 
in  a  small  compass  many  important  decisions  in  which  the  leading  doctrines  of  this 
branch  of  the  law  are  exhibited  and  applied  in  a  manner  to  make  the  book  useful 
alike  to  the  student  and  to  the  practitioner.  I  trust  the  work  will  meet  with  the 
favorable  reception  it  deserves.  GEO.  B.  YOUNG, 

St.  Paul,  Minn. 

DWYER.— Z<77e/  and  Procedure  of  United  States  Courts.  By  John  W. 
Dwyer,  LL.  M.,  author  of  "Cases  on  Private  International  Law." 
Instructor  in  the  Law  Department  of  the  University  of  Michigan. 
8vo.    361  pages.    Bound  in  Buckram,  $2.75.    Sheep,  $3.50. 

The  purpose  of  this  work  is  to  give  a  brief  and  concise  statement  of  the  organiza- 
tion, jurisdiction  and  practice  of  the  various  courts  of  our  nacionai  government.  It 
is  intended  as  an  elementary  work  for  students  in  law  schools,  students  in  law 
offices  and  for  young  lawyers  who  have  not  received  systematic  instruction  in  this 
subject.  In  stating  the  jurisdiction  of  the  courts,  the  author  has  inserted  a  number 
of  the  decisions  of  the  Supreme  Court.  This  valuable  feature  of  the  bock  cannot 
fail  to  commend  itself  to  students  and  instructors  alike.  Similarly,  the  object  of 
the  chapter  on  the  history  of  the  United  States  is  to  remind  the  student  of  the  cir- 
cumstances as  they  existed  at  the  time  our  government  was  formed — to  recall  the 
principal  events  in  our  historical  development,  so  that  the  constitutional  provisions 
may  be  interpreted  in  their  true  light.  The  author  asserts,  truly,  that  a  knowledge 
of  this  branch  of  the  law  is  more  necessary  at  this  time  than  ever  before,  because  of 
the  steady  increase  of  litigation,  arising  from  the  rapid  growth  and  reaching  out  of 
the  business  of  the  country  and  the  bringing  of  certain  questions  within  federal 
control.  The  book  is  exceedingly  well  arranged,  containing  besides  tables  of  cases 
and  tables  of  contents,  a  copious  index.  It  cannot  fail  to  prove  highly  useful  for 
the  purposes  intended.  We  can  heartily  commend  it  to  instructors  and  students. — 
Albany  Law  Journal. 

DZIOBEK.— Ma t/iematicat  Theories  of  Planetary  Motions.  By  Dr. 
Otto  Dziobek,  Privatdocent  in  the  Royal  Technical  High  School  of 
Berlin,  Charlottenburg.  Translated  by  Mark  W.  Harrington,  for- 
merly Chief  of  the  United  States  Weather  Bureau,  and  Professor  of 
Astronomy  and  Director  of  the  Observatory  at  the  University  of 
Michigan,  President  of  the  University  of  Washington,  and  Wm.  J. 
Hussey,  Assistant  Professor  of  Astronomy  in  the  Leland  Stanford, 
Jr.  University.    8vo.    294  pages.  ^3.50. 

The  determination  of  the  motions  of  the  heavenly  bodies  is  an  important  problem 
in  and  for  itself,  and  also  on  account  of  the  influence  it  has  exerted  on  the  develop- 
ment of  mathematics  It  has  engaged  the  attention  of  the  greatest  mathematicians, 
and,  in  the  course  of  their  not  altogether  successful  attempts  to  solve  it.  they  have 
displayed  unsurpassed  ingenuity.  The  methods  devise-H  by  them  have  proved  use- 
ful, not  only  in  this  problem,  but  have  also  largely  determined  the  course  of  advance 
in  other  branches  of  mathematics.  Analytical  mechanics,  beginning  with  Newton, 
and  receiving  a  finished  clearness  from  Lagrange,  is  especially  indebted  to  this 
problem,  and  in  turn,  anal>tical  mechanics  has  been  so  suggestive  in  method  as  to 
determine  largely  both  the  direction  and  rapidity  of  the  advancement  of  mathemat- 
ical scienoe. 

Hence,  when  it  is  desired  to  illustrate  the  abstract  theories  of  analytical  mechan- 
ics, the  profundity  of  the  mathematics  of  thf^  problem  of  the  motions  of  the 
heavenly  bodies,  its  powerful  influence  on  the  historical  development  of  this 
science  and  finally  the  dignity  of  its  object,  all  point  to  it  as  most  suitable  for  this 
purpose. 

This  work  is  intended  not  merely  as  an  introduction  to  the  special  study  of 
astronomy,  but  rather  for  the  student  of  mathematics  who  desires  an  insight  into  the 
creations  of  his  masters  in  this  field.  The  lack  of  a  text-book,  giving,  within  moder- 
ate limits  and  in  a  strictly  scientific  manner,  the  principles  of  mathematical  astron- 
omy in  their  present  remarkably  simple  and  lucid  form,  is  undoubtedly  the  reason 
why  so  many  mathematicians  extend  their  knowledge  of  the  solar  system  but  little 
beyond  Kepler's  law.  The  author  has  endeavored  to  meet  this  need,  and  at  the 
same  time  to  produce  a  book  which  shall  be  so  near  the  present  state  of  the  science 
as  to  include  recent  investigations  and  to  indicate  unsettled  questions. 
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FARRAH-DWYER.— on  the  Law  of  Husband  and  Wife.  By 
Albert  J,  Farrah,  Dean  of  the  Law  Department  of  the  John  B. 
Stetson  University,  Deland,  Florida,  and  John  W.  Dwyer,  author  of 
Cases  on  Private  International  Law,  and  Instructor  of  Law  in  the 
Department  of  Law  of  the  University  of  Michigan.  8vo.  488 
pages.    Buckram,  $2.50. 

FLORER. — A  Guide  for  the  Study  of  Riehl' s  Burg  Neideck  and  von 
Jage??iann''s  German  Syntax.  By  Warren  Washburn  Florer,  Uni- 
versity of  Michigan.    88  pages.    Pamphlet.    30  cents. 

FLORER. — Biblical  Selections  for  Beginners  in  German.  With  word 
list.  By  Warren  Washburn  Florer,  University  of  Michigan.  Cloth. 
88  pages.    40  cents. 

FLORER. — -Guide  for  the  study  of  Biblical  Selection.  Containing  questions 
for  conversation  and  grammar  drill.  By  Warren  Washburn  Florer, 
University  of  Michigan.    In  press. 

FLORER. — A  Guide  for  the  Study  of  Heyse's  VArrabbiata.  With 
Questions  for  Grammar  Review.  By  Warren  W.  Florer,  University 
of  Michigan.    Pamphlet.    20  pages.    20  cents. 

FLORER. — Heyse''s  H Arrabbiata.  With  word  list  and  questions  for  gram- 
n»ar  review.  By  Warren  Washburn  Florer,  University  of  Michigan. 
Cloth,  80  pages.    35  cents. 

FORD.— 77^^  Cranial  Nerves.  12  pairs.  By  C.  L.  Ford,  M.D.,  late 
Professor  of  Anatomy  and  Physiology  in  University  of  Michigan. 
Chart,  25  cents. 

FORD. —  Classification  of  the  Most  Important  Muscles  of  the  Human 
Body,  With  Qrigin  Insertion,  Nervous  Supply  and  Principal  Action 
of  Each.  By  C.  L.  Ford,  M.D.,  late  Professor  of  Anatomy  and 
Physiology  in  the  University  of  Michigan.    Chart,  50  cents. 

FRANCOIS. — Les  Aventures  Du  Dernier  Abencerage  Par  Chateaubri- 
and.^ Edited  with  Notes  and  Vocabulary .  By  Victor  E.  Francois, 
Instructor  in  French  in  the  University  of  Michigan.  Pamphlet,  35 
cents. 

GRAY. —  Outline  of  Anatomy.  A  Guide  to  the  Dissection  of  the  Human 
Body,  Based  oiz  Gray''s  Anatojny.  By  S.  M.  Yutzy,  M.  D.,  Instructor 
in  Osteology  and  Demonstrator  of  Anatomy  in  the  University  of 
Michigan.    54  pages.    Leatherette,  50  cents. 

The  objects  of  the  outline  are  to  inform  the  students  what  structures  are  found 
in  each  region  and  where  the  description  of  each  structure  is  found  in  Gray's  Ana- 
tomy.— Fifteenth  edition,  dated  1901. 

GREENE. —  The  Action  of  Materials  Under  Stress,  or  Structural  Me- 
chanics. With  examples  and  problems.  By  Charles  E.  Greene, 
A.M.,  M.E.,  Professor  of  Civil  Engineering  in  the  University  of 
Michigan.    Consulting  Engineer:    Octavo.    Cloth,  $3.00. 

Contents. — Action  of  a  Piece  under  Direct  Force.  Materials.  Beams.  Tor- 
sion. Moments  of  Inertia.  Flexure  and  Deflection  of  Simple  Beams;  Restrained 
Beams:  Continuous  Beams.  Pieces  under  Tension.  Compression  Pieces:— Col- 
umns, Posts  and  Struts.  Safe  Working  Stresses.  Internal  Stress:  Change  of 
Form.  Rivets:  Pins.  Envelopes:  Boilers,  Pipes,  Dome.  Plate  Girder.  Earth 
Pressure:  Retaining  Wall:  Springs:  Plates.    Details  in  Wood  and  Iron. 
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HERDMAN-NAGLER. — A  Laboratory  Manual  of  Electrotherapeutics. 
By  William  James  Herdman,  Ph.B.,  M.D.,  Prof  essor  .of  Diseases  of 
the  Nervous  System  and  Electrotherapeutics,  University  of  Michigan, 
and  Frank  W.  Nagler,  B.S.,  Instructor  in  Electrotherapeutics,  Uni- 
versity of  Michisjan.  Octavo,  Cloth. ^  163  pages.  55  illustrations. 
$1.50. 

It  has  been  our  experience  that  the  knowledge  required  by  the  student  of  medi- 
cine concerning  electricity  and  its  relation  to  animal  economy  is  best  acquired  by 
the  laboratory  method.  By  that  method  of  instruction  each  principle  is  impressed 
upon  the  mind  through  several  separate  paths  of  the  sense  perception  and  a  manual 
dexterity  is  acquired  which  is  essential  to  success  in  the  therapeutic  applications. 

This  has  been  the  plan  adopted  for  teaching  electrotherapeutics  at  the  Univer- 
sity of  Michigan.  Every  form  of  electric  modality  that  has  any  distinctive  physio- 
logical or  therapeutical  effect  is  studied  in  the  laboratory  as  to  its  methods  of  gen- 
eration, control  and  application  to  the  patient.  We  believe  this  to  be  the  only 
practicable  way  for  imparting  the  kind  of  instruction  required  for  the  practice  of 
electrotherapeutics,  but  in  our  attempt  to  develop  a  naturally  progressive  and  at  the 
same  time  complete  and  consistent  course  of  laboratory  instn^ction  we  have  found  it 
a  thing  of  slow  growth. 

This  laboratory  manual  is  the  final  result  of  our  various  trials  and  experiences, 
and  while  we  do  not  claim  for  it  either  perfection  in  the  arrangement  of  matter  or 
completeness  in  detail,  we  feel  that  the  time  has  come  for  putting  our  plans  in  a  form 
that  will  permit  for  it  a  wider  usefulness  as  well  as  gain  for  it  in  the  intelligent  criticism 
of  the  experienced  workers  to  the  field  which  it  seeks  to  cultivate.— From  Pre/ace. 

HILDNER-DIEKHOFF.— 6-/'^?r;«V  Immensee.  Edited  by  Hildner 
and  Diekhoff,  University  of  Michigan.  Cloth.  70  pages.  35 
cents. 

HILDNER-DIEKHOFF.— Z^'zV/m^^'w  zu  Storms  Immensee.  Von 
Hildner  und  Diekhoff,  University  of  Michigan.  Pamphlet.  16 
pages.    15  cents. 

HILDNER-DIEKHOFF.— i^ro//a^  die  Joumalisten.  With  notes  and 
questions.  By  Jonathan  Hildner  and  Tobias  Diekhoff,  University  of 
Michigan.    Cloth.    174  pages.    60  cents. 

HOWELL. — Directions  for  Laboratory  Work  in  Physiology  for  the  Use 
of  Medical  Classes.  By  W.  H.  Howell,  Ph.D.,  M.D.,  Professor  of 
Physiology  and  Histology.    Pamphlet.    62  pages.    65  cents. 

HUBER. — Directions  for  Work  in  the  Histological  Laboratory .    By  G. 
Carl  Huber,  M.D.,  Assistant  Professor  of   Histology  and  Embry- 
ology, University  of  Michigan.    Third  edition,  revised  and  enlarged. 
Octavo.    204  pages.    Cloth,  $1.50. 
It  is  adapted  for  classes  in  medical  schools  and  elsewhere  where  it  is  desired  to 
furnish  the  class  with  material  already  prepared  for  the  demonstration  of  structure 
rather  than  to  give  instruction  in  the  technique  of  the  laboratory     Provision  for  the 
latter  Is  made,  however,  by  the  addition  of  a  section  of  about  60  pages  on  the  meth- 
ods for  laboratory  work.    This  section  includes  methods  of  macerating,  hardening 
and  fixing,  decalcifying,  impregnation,  injecting,  embedding,  ctaining,  and  methods 
for  preparing  and  staining  blood  preparations.    The  last  is  accompanied  by  an  ex- 
cellent plate  of  blood  elements.    The  selection  of  methods  has  in  the  main  been 
judicious.   The  expositions  are  both  clear  and  concise. — Journal  of  Comijarative 
Neurology . 

In  this  little  book  Dr.  Huber  has  given  us  a  model  manual  of  microscopical  tech- 
nique in  the  laboratory  study  of  histology.  The  subject  matter  is  divided  into  con- 
venient chapters,  commencing  with  the  cell  and  cell  division  (karyokinesis)  in  plant 
and  animal  life,  and  gradually  developing,  by  easy  stages,  the  most  complex  tissues 
of  the  animal  and  vegetable  organism.  Between  each  lesson  blank  pages  are  inter- 
leaved, to  be  used  by  the  student  for  drawing  the  objects  seen  by  him  with  a  pencil 
or  crayon — a  most  excellent  plan  as  nothing  fixes  the  appearance  and  characteristics 
of  objects  more  firmly  on  the  mind  ihan  drawing  them,  either  free-hand  or  with  a 
camraa  lucida  (the  former  being  preferable,  as  it  educates  the  hand  and  eye).  With 
each  subject  is  given  the  source  and  origin,  the  best  methods  for  obtaining  and  pre- 
paring it.  and  attention  is  called  to  the  most  noteworthy  or  characteristic  points  for 
examination. 
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The  second  part  of  the  book  is  devoted  to  methods  for  laboratory  work:  soften 
ing,  hardening,  decalcification,  etc.,  of  the  matter  in  gross;  embedding,  sectioning, 
staining  and  mounting,  etc.  The  best  stains,  with  methods  of  preparing  the  same, 
and,  in  short,  a  general  formulary  for  the  various  reagents,  etc.,  concludes  the  work, 
which  is  intended,  as  stated,  as  an  aide  metaoire  supplementary  to  a  course  of  lec- 
tures on  histology. 

We  congratulate  Dr.  Huber  on  the  skill  with  which  he  has  developed  the  idea, 
and  the  didactic  methods  which  he  has  employed.  Such  a  book  cannot  but  prove  a 
great  help  to  both  student  and  teacher,  and  it  should  be  more  widely  known. — St. 
Louis  Medical  and  Surgeon's  Journal. 

Dr.  Carl  Ruber's  Laboratory  Work  in  Histology  is  an  excellent  manual,  and  if 
the  medical  students  of  Michigan  University  are  conscientiously  put  tb'ongh  it  they 
must  be  extremely  well  taught.  Dr.  Huber  puts  the  methods  of  embeddmg,  staining, 
etc.,  in  a  clear  tabular  form,  and  gives  full  practical  instructions  in  all  those  minute 
details  which  can  only  be  given  by  a  man  who  has  a  masterly  knowledge  of  his  sub- 
ject. The  American  student,  according  to  the  evidence  of  this  textbook,  has  the 
work  of  cutting  and  staining  done  for  him,  and  has  only  to  mount  sections  afi&xed  to 
coverslips.  By  this  plan  he  must  gain  an  excellent  collection  of  slides. — British 
Medical  Journal. 

JOHNSON. — Elements  of  the  Law  of  Negotiable  Contracts.  By  E.  F. 
Johnson,  B.S.,  LL.M.,  formerly  Professor  of  Law^  in  the  Department 
of  Law  of  the  University  of  Michigan.  8vo.,  735  pages.  Full  law 
sheep  binding.  $3.75. 

Several  years  of  experience  as  an  instructor  has  taught  the  author  that  the  best 
method  of  impressing  a  principle  upon  the  mind  of  the  student  i  s  to  show  him  a  prac- 
tical application  of  it.  To  remember  abstract  propositions,  without  knowing  their 
application,  is  indeed  difficult  for  the  average  student.  But  when  the  primary  prin- 
ciple is  once  associated  in  his  mind  with  particular  facts  illustrating  its  applica- 
tion, it  is  more  easily  retained  and  more  rapidly  applied  to  analo  ous  cases. 

It  is  deemed  advisable  that  the  student  in  the  law  should  be  required,  during  his 
course,  to  master  in  connection  with  each  general  branch  of  the  law,  a  few  well-se- 
lected cases  which  are  illustrative  of  the  philosophy  of  that  subject.  To  t  equire  each 
student  to  do  this  in  the  larger  law  schools  has  been  found  to  be  impracticable,  ow- 
ing to  a  lack  of  a  sufficient  number  of  copies  of  individual  cases.  The  only  solution 
of  this  difficulty  seems  to  be  to  place  in  the  hands  of  each  student  a  volume  contain- 
ing the  desired  cases.  In  the  table  of  cases  will  be  found  many  leading  cases  printed 
in  black  type.— From  Preface. 

YLIR'^.— Religion  a  Rational  Demand.  By  Rev.  G.  J.  Kirn,  M.A.,  Ph.D. 
230  pages.    i2mo.  $1.00. 

It  is  really  a  fascinating  theme,  particularly  to  thoughtful  and  intelligent  people. 
The  chapter  on  Materialism  is  alone  worth  the  cost  of  the  book. — Evangelical  Mes- 
senger. 

The  style  is  remarkably  clear  and  terse. — Christian  Harvester. 
Dr.  Kirn  has  done  the  cause  of  religion  a  great  service  by  writing  this  book. — 
Church  Advocate. 

The  argument  is  well  sustained :  every  point  is  met  with  candor  and  fairness, 
and  the  conclusions  are  clear  and  strong  if  not  unanswerahle.— Methodist  Protestant. 

LEVI-FRANCOIS. — Questions  Based  on  Levi  and  Francois'  Reader 
37  pages.    Pamphlet.    25  cents. 

LEVI-FRANCOIS. — A  French  Reader  for  Beginners,  with  Notes  and 
Vocabulary.  By  Moritz  Levi,  Assistant  Professor  of  French,  Univer- 
sity of  Michigan,  and  Victor  E.  Francois,  Instructor  in  French,  Uni- 
versity of  Michigan.     12  mo.    261  pages.  $1.00. 

This  reader  differs  from  its  numerous  predecessors  in  several  respects.  First, 
being  aware  that  students  and  teachers  in  the  French  as  well  as  in  the  German  de- 
partments of  high  schools  and  colleges  are  becoming  tired  of  translating  over  and 
over  again  the  same  old  fairy  tales,  the  editors  have  avoided  them  and  selected  some 
interesting  and  easy  short  stories.  They  have  also  suppressed  the  poetic  selections 
which  are  never  translated  in  the  class  room.  Finally,  they  have  exercised  the  great- 
est care  in  the  gradation  of  the  passages  chosen  and  in  the  preparation  of  the  vocab- 
ulary, every  French  word  being  followed  not  only  by  its  primitive  or  ordinary  mean- 
ing, but  also  by  the  different  English  equivalents  which  the  text  requires.  After 
careful  examination,  we  consider  this  reader  as  one  of  the  best  on  the  American 
market. 
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LLOYD. — Philosophy  of  History.  An  Introduction  to  the  Philosophical 
Study  of  Politics.  By  Professor  Alfred  H.  Lloyd,  University  of 
Michigan.    i2mo.    250  pages.    Cloth,  $r. 00. 

Philosophy  of  History. — "Professor  Lloyd  has^already  outlined  his  conception 
of  history  in  a  volume  entitled  Citizenship  and  Salvation  (1897).  The  present  ex- 
position is  at  the  same  time  more  definite  and  more  comprehensive.  About  a  third 
of  the  book  is  devoted  to  a  philosophic  study  of  the  dnta  of  history;  and  this  is 
followed  by  an  analysis  of  the  social  unit,  the  group,  and  by  a  systematic  account  of 
the  formula  of  history  as  it  appears  to  the  philosopher.  The  last  tour  chapters  are 
essays  in  which  such  topics  as  "Good  and  Evil"  and  '  The  Great  Man"  are  treated 
from  the  historical  poiat  of  view  which  is  expounded  in  the  main  part  of  the  vol- 
ume. In  these  chapters  as  well  as  in  the  second  part  of  the  book  acute  and  valua- 
ble comments  on  different  phases  of  historical  development  abound.  The  first  part 
of  the  volume,  however,  discussing  Time.  Causation,  the  Individual  and  Nature  as 
data  of  history  [is  the  most]  valuable." — The  Philosophical  Revieiv,  March,  iqoo. 

"  The  Philosophy  of  History  is  a  meritorious  attempt  to  connect  the  facts  of 
history  with  the  causes  which  have  influenced  the  social  evolution  of  the  human 
race.    Most  writers  are  satisfied  with  the  visible,  immediate  and  direct  causes  of 

the  rise  or  fall  of  nations  but  Professor  Lloyd  wants  us  to  go  deeper 

yet  [but]  whatever  be  the  mental  attitude  of  the  readers  with  regard 

to  the  positions  advocated  in  the  book  all  will  admit  that  it  is  written  with  great 
keenness  of  perception  and  with  a  sincere  desire  to  reconcile,  so  far  as  possible,  all 
intellectual  and  moral  diiferences.  If  the  author  has  not  succeeded  in  accomplish- 
ing the  task  [of  reconciliation],  it  is  because  there  are  differences  that  can  not  be 
reconciled,  even  by  benevolence  and  ingenuity  combined."— of  the  Ameri- 
can Academy  of  Political  and  Social  Science,  March,  1900. 

LYMAN-HALL-GODDARD.— ^/r^^r«.  By  Elmer  A.  Lyman,  A.B., 
Edwin  C.  Goddard,  Ph.B.,  and  Arthur  G.  Hall,  B.S.,  Instructor 
in  Mathematics,  University  of  Michigan.  Octavo.  75  pages.  Cloth, 
90  cents. 

MATTHEWS. — Syllabus  op  Lectures  on  Pharmatologv  and  Therapeu- 
tics in  the  University  of  Michigan.  Arranged  Especially  for  the 
Use  of  the  Classes  Taking  the  Work  in  Pharmacology  ana  1  hera  ■ 
peutics  at  the  University  of  Michigan.  By  S.  A.  Matthews,  M.D., 
Assistant  in  Pharmacy  and  Therapeutics,  University  of  Michigan. 
i2mo.     114  pages.  $1.00. 

McCANDLESS.— 7rt^?^/ar  Analysis  of  the  Law  of  Real  Property, 
following  Blackstone.  Arranged  by  L.  W.  McCandless.  19  charts. 
Quarto.    Cloth,  $1.50. 

This  analysis  follows  Book  II  of  Blackstone,  and  will  prove  a  very  valuable  aid 
to  students.  The  critic  remembers  that  in  the  dim  and  hoary  past  when  he  was 
a  student  himself,  he  prepared  an  analysis  of  Bispam's  Equity.  He  certainly  en- 
deavored to  do  complete  justice  to  that  learned  work  and  the  result  was  a  sheet 
some  1x4  (yards)  in  dimensions.  Acting  according  to  the  advice  of  some  intimate 
friends  he  hung  it  up,  on  a  shade  roller,  but  somehow,  never  could  persuade  any- 
body to  read  it  completely  through  In  fact,  the  aforesaid  critic  was  afraid  to 
attempt  it  Itself  when  the  "  magnum  opus  "  was  once  finished  and  the  fearful  and 
wonderful  document  still  remains  filed  away  somewhere  among  his  dusty  papers. 
This  little  incident  of  a  past  career  is  mentioned  not  that  we  would  discourage  the 
reader  of  Mr.  McCandless's  work  or  in  any  way  compare  his  learned  production  with 
the  superficial  synopsis  which  we  had  ourselves  compiled.  It  has  long  been  a  source 
of  wonder  to  us  why  real  estate  law  has  not  hitherto  been  "chartered,"  for  there  seems 
to  be  no  branch  of  jurisprudence  so  well  adapted  to  such  a  form  of  presentation. 
The  author's  work  gives  a  bird's  eye  view  of  real  property  principles  and  as  pre- 
viously stated  will  prove  of  great  value  to  the  student,  particularly  around  examina- 
tion time  for  he  can  tell  at  a  glance  what  would  otherwise  force  him  to  sp^nd  much 
valuable  time  in  searching  through  Blackstone.  Take  it  all  in  all,  the  author  is  to 
be  heartily  commended  and  we  would  like  to  see  his  work  used  as  a  text  book  in 
not  only  the  University  of  Michigan  but  in  all  the  leading  law  schools  of  the  country. 
For  the  benefit  of  them  who  have  not  had  the  pleasure  of  perusing  it  we  can  state 
that  it  is  a  series  of  some  nineteen  large  charts  each  about  2  feet  by  i^.  handsomely 
bound  so  that  the  entire  subject  may  be  embraced  in  series  of  sweeping  glances. — 
Law  Journal,  N.  Y. 
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MEADER. — Chronological  Outline  of  Kojuan  Literature.  Ey  C  L 
Meader,  A.B.,  Instructor  in  Latin  in  University  of  Michigan 
Chart,  25  cents. 

MICHIGAN  'QOOYi.—  The  IL  of  M.  Book.  A  Record  of  Student  Life 
a7id  Student  Organizations  in  the  University  of  Michigan.  Articles 
contributed  by  members  of  the  Faculty  and  by  prominent  Alumni. 
$1.50. 

MONTGOMERY-SMITH.— Za^t^rrt-Z^^ry  Manual  of  Elementary  Chem- 
istry. By  Jabez  Montgomery,  Ph.D.,  Professor  of  Natural  Science, 
Ann  Arbor  High  School,  and  Roy  B.  Smith,  Assistant  Profes- 
sor in  Chemical  Laboratory,  Ann  Arbor  High  School.  12  mo,  150 
pages.    Cloth,  $1.00. 

This  Work  is  intended  as  a  laboratory  guide  to  be  used  in  connection  with  a  good 
text-book  or  course  of  lectures,  and  in  its  arrangement  and  scope  it  is  based  upon 
the  practical  experience  of  two  instructors  in  the  Ann  Arbor  High  School.  It  is 
therefore  restricted  to  snch  work  as  may  be  done  by  the  average  high  school  pupil. 
The  experiments  which  are  directed  are  given  more  to  enable  the  student  to  compre- 
hend the  methods  of  analytical  chemistry  than  to  acquire  particular  proficiency  in 
the  work  of  chemical  analysis.  The  work  is  characterized  by  minuteness  of  explan- 
ation, a  feature  which  will  be  appreciated  by  the  beginner. — Pharinactutical  kjva 

NETTO. —  The  Theory  of  Substitutions  and  its  Application  to  Algebra. 
By  Dr.  Eugene  Netto,  Professor  of  Mathematics  in  the  University  of 
Giessen.  Revised  by  the  author  and  translated  with  his  permission, 
by  F.  N.  Cole,  Ph.D.,  formerly  Assistant  Professor  of  Mathematics 
in  the  University  of  Michigan,  Professor  of  Mathematics,  Columbia 
University.    8  vo.    301  pages.    Cloth.  $3.00. 

NOVY. — Laboratory  Work  in  Physiological  Chemistry.  By  Frederick  G. 
Novy,  Sc.D.,  M.D.,  Junior  Professor  of  Hygiene  and  Physiological 
Chemistry,  University  of  Michigan.  Second  edition,  revised  and 
enlarged.  With  frontispiece  and  24  illustrations.  Octavo.  Cloth, 
$2.00. 

This  book  is  designed  for  directing  laboratory  work  of  medical  students,  and  in 
showing  them  how  to  study  the  physics  and  physiology  of  the  digestive  functions  of 
the  blood,  the  urine  and  other  substances  which  the  body  contains  normally,  or 
which  it  speedily  eliminates  as  effete  material.  The  second  edition  has  appeared 
within  a  very  short  time  after  the  publication  of  the  first.  The  first  chapters  deal 
with  the  facts  the  carbohydrates  and  proieids.  Then  follow  others  upon  the  saliva, 
the  gastric  juice,  the  pancreatic  secretion,  the  bile,  blood,  milk,  and  urine,  while  the 
closing  chapter  deals  with  a  list  of  reagents. 

While  the  book  is  manifestly  designed  for  the  use  of  Dr.  Novy's  own  students,  we 
doubt  not  that  other  teachers  will  find  it  a  valuable  aid  in  their  work.  At  the  close 
of  the  volume  are  a  number  of  illustrations  of  the  various  sedimentary  substances 
found  in  the  urine,  taken  from  the  work  of  von  Jaksch. —T/ie  Therapeutic  Uazeite 

This  book,  although  now  in  its  second  edition,  is  practically  unknown  to  British 
readers.  Up  to  the  present,  anyone  wishing  to  find  out  how  a  particular  analytical 
method  in  physiological  chemistry  ought  to  be  carried  out,  had  of  necessity  to  relet 
to  a  German  text-book.  This  comparatively  small  book — for  it  only  covers  some 
three  hundred  pages — gives  as  good  a  general  account  of  ordinary  laboratory  methods 
as  any  teacher  or  student  could  desire.  Although  the  author  refers  in  his  preface  to 
help  derived  from  the  works  of  Salkowski,  Hammarsten  and  others,  it  is  but  fair  to 
say  that  the  book  has  undoubtedly  been  written  by  one  who  has  worked  out  the 
methods  and  knows  the  importance  of  exact  practical  deta.i\s  — Edinburgh  Med. 
Jour.,  Scotland 

Physiological  chemistry  is  one  of  the  most  important  studies  of  the  medical  curri- 
culum. The  cultivation  of  this  field  has  until  recently  been  possible  to  but  few. 
The  rapid  development  of  this  department  of  science  within  a  few  years  past  has 
thrown  much  and  needed  light  upon  physiological  processes  It  is  from  this  quarter 
and  from  bacteriological  investigations  that  progress  must  chiefly  be  expected.  The 
rapid  growth  of  this  branch  of  chemistry  is  attended  by  another  result.  It  necessi- 
tates the  frequent  revision  of  text-books.  The  present  edition  of  Dr.  Novy's  valu- 
able book  is  almost  wholly  re-written.    It  is  representative  of  the  present  state  of 
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knowledge  and  is  replete  with  information  of  value  alike  to  student  and  practitioner. 
Few  are  better  prepared  to  write  such  a  book  than  Dr.  Novy,  who  has  himself  done 
much  original  work  in  this  field.— Medical  BuUelin.  Hhdad  l^thia. 

This  is  a  greatly  enlarged  edition  of  Dr.  Novy's  work  on  Physiological  Chemistry, 
and  contains  a  large  amount  of  new  material  not  found,in  the  former  edition.  It  is 
designed  as  a  text-book  and  guide  for  students  in  experimental  work  in  the  labora- 
tory, and  does  not  therefore  cover  the  same  ground  as  the  works  of  Gamgee,  Lea, 
and  other  authors  of  books  on  physiological  chemistry.  As  a  laboratory  guide  it 
should  be  adopted  by  our  medical  colleges  throughout  the  country,  because  it  is  an 
American  production,  contains  only  such  directions  and  descriptions  as  have  been 
verified  by  actual  practice  with  students,  and  because  it  is  clear,  concise  and  definite 
in  all  its  statements.  Its  tirst  ten  chapters  treat  of  fats,  carbohydrates,  proteins, 
saliva,  gastric  juice  pancreatic  secretion,  bile,  blood,  milk,  a."d  urine.  Chapter  xi. 
is  devoted  to  the  quantitative  analysis  of  urine,  milk,  gastric  juice,  and  blood,  while 
chapter  xii.  gives  tables  for  examination  of  urine  and  a  list  of  reagents. — Am. 
Medico- Suruical  Bulletin,  IS .Y . 

NOVY. — Labot-atory  Work  in  Bacieriology.  By  Frederick  G.  Novy,  Sc. 
D.,  M.D.,  Junior  Professor  of  Hygiene  and  Physiological  Chemistry, 
University  of  Michigan,  Second  edition,  entirely  re-written  and 
enlarged,  563  pages.    Octavo.  $3.00. 

As  a  teacher  of  bacteriology,  the  author  has  had  extensive  experience,  and  the 
second  edition  of  his  book  will  be  highly  prized  by  students  for  its  practical  service 
and  thoroughness.  The  methods  of  investigation  described  are  mainly  those  which 
have  been  employed  in  the  hygienic  laboratory  or  the  University  of  Michigan,  and 
they  have  stood  the  test  of  practical  demonstration  and  usefulness.  One  of  the 
most  interesting  parts  of  the  book  is  the  chapter  on  the  chemistry  of  bacteria,  and 
the  general  reader  cannot  fail  to  obtain  from  it  a  clear  understanding  of  the  com- 
plex changes  induced  by  these  minute  organisms.  The  functions  of  the  various 
ferments  are  also  very  cleverly  discussed.  An  enumeration  of  the  chapter  headings 
will  serve  to  show  the  scope  of  the  work  :  Form  and  Classification  of  Bacteria ;  Size 
and  Structure  of  Bacterial  Cell ;  Life  History  of  Bacteria ;  Environment  of  Bacteria ; 
Chemistry  of  Bacteria;  the  Microscope;  Cultivation  of  Bacteria;  Non-Pathogenic 
Bacteria;  Bouillon,  Agar,  Milk  and  Modified  Media,  the  Incubaior  and  Accessories; 
Relation  of  Bacteria  to  Disease— Methods  of  Infection  and  Examination;  Patho- 
genic Bacteria;  Yeasts,  Moulds  and  Streptotrices ;  Examination  of  Water,  Soil  and 
Air;  Special  Methods  of  Work.  To  the  latter  subject,  two  chapters  are  devoted, 
in  which  are  very  fully  outlined  various  special  methods  of  value  to  advanced 
students.— P/ior/naceu^fca/  i^ra.  N.  Y. 

This  book  is  intended  for  the  student  and  seems  admirably  to  subserve  the  pur- 
pose for  which  it  has  been  written .  The  arrangement  of  the  subject-matter  con- 
forms closelv  to  that  followed  in  the  Hygienic  Laboratory  of  the  University  of 
Michigan.  Those  methods  only  are  described  that  have  withstood  the  test  of  prac- 
tical experience.  Many  of  the  methods  and  son  e  of  the  apparatus  are  original. 
Illustrations  of  bacteria  and  descriptions  of  cultural  peculiarities  have  been 
omitted,  inasmuch  as  the  student  is  expected  to  learn  these  from  personal  observa- 
tion. The  work  is  divided  into  15  chapters  under  the  following  headings  Form  and 
classification  of  bacteria;  size  an. 1  structure  of  the  bacterial  cell ;  the  life-history  of 
bacteria;  the  environment  of  bacteria;  the  chemistry  of  bacteria;  ihe  microscope; 
the  hanging  drop;  simple  staining;  gelatin  and  potato  media;  cultivation  of  bac- 
teria; the  nonpathogenic  bacteria;  bouillon,  agar,  milk,  and  modified  media;  the 
incubator  and  accessories;  relation  of  bacteria  to  disease,  methods  of  infection  and 
examination  ;  the  pathogenic  bacteria  ;  yeasts,  moulds,  and  streptothrices  :  examina- 
tion of  water,  soil  and  air;  special  methods  of  ^ox\i.— Philadelphia  Medical 
Journal. 

REED-GUTHE, — A  Manual  of  Physical  Measure?nents.  By  John  O. 
Reed,  Junior  Professor  of  Physics,  University  of  Michigan,  and 
Karl  E,  Guthe,  Assistant  Professor  of  Physics,  University  of  Michi- 
gan,   185  pages,  89  illustrations:    Octavo.  $1.50, 

REED. — College  Physics.  For  Students  in  Academies  and  Colleges. 
Physics  I.  Mechanics — Sound— Light.  By  John  O.  Reed,  Junior 
Professor  of  Physics  University  of  Michigan.  Octavo.  Cloth.  300 
pages.    ^1,50.  . 


^OQH.—hnportant  English  Statutes.     Edited  by  John  R.  Rood,  Uni- 
versity of  Michigan.    8vo.    24  pages.    Imitation  leather,  25  cents. 


12  Publications  of  George  Wahr,  Ann  Arbor. 


This  pamphlet  contains  the  Statute  of  Frauds  (29  Car.  II.  c.  3)  complete,  also 
Loid  Campbell's  Act,  the  Mandamus  Act  of  9  Anne,  and  the  Victorian  Wills  Act. 
The  intention  is  to  furnish  students  a  copy  of  all  those  important  English  statutes 
which  have  been  generally  re-enacted  in  the  American  statutes  and  are  therefore 
prominent  in  his  courses  of  study, 

ROOD. —  On  Attachfuents,  Garnishments,  Judgmefits,  and  Executions.  By- 
John  R.  Rood,  University  of  Michigan.  The  table  of  contents, 
table  of  cases,  and  text  cover  183  pages.  The  leading  and  illustra- 
tive cases  and  notes  cover  514  pages.  A  very  full  index  has  been 
compressed  into  36  pages.  Total  733  pages.  The  two  books 
bound  as  one,  in  buckram,  for  one  price.    ^3.00.  Octavo. 

The  text  is  not  claimed  to  be  exhaustive  upon  any  point.  To  make  it  so  would 
defeat  the  very  purpose  for  which  it  was  written  tree  is  not  complete  without  all 
its  foliage,  but  the  outline  of  the  branches  cannot  be  clearly  seen  till  the  leaves  have 
fallen.  In  the  present  discussion,  details  have  been  similarly  omitted  so  that  the 
more  important  matters  can  be  seen.  Anson  on  Contracts  may  be  said  to  cover  all  the 
matters  treated  in  the  elaborate  works  on  particular  contracts,  such  as  sales,  agency, 
partnership,  suretyship,  deeds,  mortgages,  etc  In  like  manner  this  manual  is 
intended  to  explain  all  the  matters  covered  by  the  extensive  treatises  on  jurisdiction, 
judgments,  res  judicata,  attachment,  garnishment,  and  executions.  It  is  not  de- 
signed to  trespass  on  the  field  occupied  by  any  of  these  books,  but  to  give  what 
none  of  them  do  or  can — a  clear  outline  of  the  whole,  without  that  cloud  of  details 
and  the  confusing  review  of  inconsistent  decisions  upon  thein,  which  the  writer  of  a 
complete  text  must  give.  In  this  way,  it  is  hoped  that  a  comprehensive  view  of 
broad  fundamental  principles  may  be  obtained,  with  a  clear  vision  of  the  relations 
between  each  part  and  all  the  others,  and  of  the  successive  steps  in  each  pro- 
ceeding from  beginning  to  end. 

SOLIS. — -The  Diagnosis  of  Diseases  of  the  Cord,  Location  of  Lesions. 
By  Dr.  Grasset.  Translated  by  Jeanne  C.  Soils,  M.D.,  Demon- 
strator of  Nervous  Diseases  and  Electrothereapeutics  in  the  Uni- 
versity of  Michigan.    98  pages.    Cloth,  65  cents. 

STRUMPELL. — Short  Guide  for  the  Clinical  Exa7nination  of  Patients. 
Compiled  for  the  Practical  Students  of  the  Clinic,  by  Professor  Dr. 
Adolf  Striimpell,  Director  of  the  Medical  Clinic  in  Erlangen.  Trans- 
lated by  permission  from  the  third  German  edition,  by  Jos.  L.  Abt. 
Cloth,  39  pages,  35  cents. 

Preface  to  the  Second  Edition. — The  second  edition  of  this  book  has  been 
improved  by  me  in  several  parts,  and  particularly  the  sections  treating  of  the  exam- 
ination of  the  stomach  and  nervous  system  have  been  slightly  extended.  The  author 
trusts  that  the  book  may  also  fulfill  its  purpose  in  the  future,  in  assisting  the  student 
to  learn  a  systematic  examination  of  the  patient,  and  to  impress  on  him  the  most 
important  requisite  means  and  methods. 

SUNDERLAND.— 6>«^  Uptvard  Look  Each  Day.  Poems  of  Hope  ana 
Eaith.  Selected  by  J.  T.  Sunderland.  Third  Edition,  16  mo 
White  Binding,  30  cents;   Cloth,  40  cents;  Full  morocco,  75  cents. 

SUNDERLAND — Grains  of  Gold.  So?ne  Thoughts  and  a  Brief  Prayer 
For  Each  Day  of  the  Months.  Designed  as  Daily  Helps  in  the 
Higher  Life.  Compiled  by  J.  T.  Sunderland.  White  Binding,  35 
cents. 

WARTHIN. — Practical  Pathology  for  Students  and  Physicians.  A 
Manual  of  Laboratory  and  Post-Mortem  Technic,  Designed  Espe- 
cially for  the  Use  of  Junior  and  Senior  Students  in  Pathology  at 
the  University  of  Michigan.  By  Aldred  Scott  Warthin,  Ph.D.,  M. 
D.,  Instructor  in  Pathology,  University  of  Michigan.  Octavo.  234 
pages.    Cloth,  $1.50. 

We  have  carefully  examined  this  book,  and  our  advice  to  every  student  and  prac- 
titioner of  medicine  is— buy  it.    You  will  never  regret  having  invested  your  money  in 
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it,  and  you  will  acquire  such  a  large  fund  of  information  that  the  study  of  pathology 
will  become  a  pleasure  instead  of  the  drudgery  which  it  sc  unfortunately  seems  to 
be  in  many  cases. 

Part  I.  of  this  book,  embracing  some  103  pages,  deals  with  the  materials,  which 
includes  the  proper  examination  and  notation  of  the  gross  changes  which  have 
occurred  in  every  part  of  the  body.  In  fact  it  is  a  complete  expos6  of  what  a  com- 
plete and  accurate  autopsy  should  be,  the  observance  of  which  is  oftener  followed 
in  the  breach  than  in  the  actuality.  Part  II.,  which  includes  134  pat;es,  deals  with 
the  treatment  of  the  material.  This  is  a  very  important  part  of  the  work,  as  it  gives 
explicit  directions  in  regard  to  the  instruments  to  use,  stains  and  staining  methods, 
drawing,  the  preservation  of  specimens,  hardening  methods,  in  fact,  of  all  those 
technical  points  connected  with  practical  pathological  microscopy.  The  examina- 
tion of  fresh  specimens,  injections,  methods  fixing  specimens  as  well  as  special 
staining  methods  are  taken  up.  In  fact,  space  forbids  us  to  give  the  entire,  which 
are  most  valuable  in  every  detail.— Louix  Medical  and  iiurgical  Journal. 

WARTHIN. — A  Blank  Book  for  Autopsy  Protocols.  Second  Edition. 
By  Aldred  Scott  Warthin,  M.D.,  Ph.D.,  Assistant  Professor  of 
Pathology  in  the  University  of  Michigan.  Bound  in  Full  Canvass, 
50  cents. 

The  medical  student  at  the  University  of  Michigan  is  expected  to  attend  twenty 
autopsies  during  the  last  two  years  of  his  studies,  and  this  book  is  designed  to 
facilitate  the  keeping  of  a  careful  protocol,  which  he  is  required  to  make  in  every 
case.  The  book  is  of  a  convenient  ?ize  and  can  accommodate  the  autopsy  protocols 
of  ten  cases.  Each  autopsy  is  allowed  ten  pages,  carefully  ruled  for  the  various 
organs. 

WATSON. —  Tables  for  the  Calculation  of  Sitnple  or  Compozmd  Inlet  esi 
and  Discount  and  the  Averaging  of  Accounts.  The  Values  of 
Annuities ^  Leases^  Interest  in  Estates  and  the  Accumulations  and 
Values  of  Investments  at  Simple  or  Compound  Interest  for  all  Rates 
and  Periods;  also  Tables  for  the  Conversion  of  Sectirities  and  Value 
of  Stocks  and  Bonds.  With  full  Explanation  for  Use.  By  James 
C.  Watson,  Ph.D.,  LL.D.    Quarto.    Cloth,  $2.50. 

A  book  most  valuable  to  bankers,  brokers,  trustees,  guardians,  judges,  lawyers, 
accountants,  and  all  concerned  in  the  computation  of  interest,  the  division  and  set- 
lement  of  estates,  the  negotiation  of  securities,  or  the  borrowing  and  lending  of 
money,  is  the  above  work  of  the  late  Professor  James  C.  Watson,  iCormerly  Director 
of  the  Observatories  and  Professor  of  Astronomy  at  the  Universities  of  Michigan 
and  Wisconsin,  and  Actuary  of  the  Michigan  Mutual  Life  Insurance  Company. 

It  contains,  in  addition  to  the  usual  tables  for  the  calculation  of  sim  le  or  com- 
pound interest  and  discount,  many  tables  of  remarkable  value,  not  found  elsewhere, 
for  the  averaging  of  accoutn-;,  the  values  of  annuities,  leases,  interests  in  estates, 
and  the  accumulations  and  values  of  investments;  also  tables  for  ihe  conversion  of 
securities,  and  the  values  of  stocks  and  bonds. 

There  are  also  given  very  full  and  clear  explanations  of  the  principles  involved  in 
financial  transactions,  and  a  great  variety  of  miscellaneous  examples  are  worked 
out  in  detail  to  illustrate  the  problems  arising  in  interest,  discount,  partial  payments, 
averaging  of  accounts,  present  values,  annuities  of  different  kinds,  annual  payments 
for  a  future  expectation  (as  in  life  insurance),  or  for  a  sinking  fund,  conversion  of 
securities,  values  of  stocks  and  bonds,  and  life  interests. 

This  book  was  issued  from  the  press  under  the  author's  careful  supervision. 
Professor  Watson  was  noted  for  his  clear  insight  into  problems  involving  computa- 
tions, and  also  for  his  wonderful  ability  in  presenting  the  method  of  solution  of  such 
problems  m  a  plain  and  simple  manner.  The  varied  array  of  practical  examples 
given  in  connect  on  with  his  "Table"  shows  these  facts  in  a  remarkable  manner. 
This  book  provides,  for  those  least  expert  in  calculations,  the  means  of  avoiding 
mistakes  likely  to  occur;  and  for  the  man  engrossed  in  the  cares  of  business,  the 
means  of  making  for  himself,  with  entire  accuracy,  the  calculation  which  he  may 
need,  at  the  moment  when  it  is  needed. 

WRENTMORE-GOULDING.— ^  Text-Book  of  Elementary  Mechan- 
ical Drawing  for  Use  in  Office  or  School.  By  Clarence  G.  Wrent- 
more,  B.S.,  C.E.,  and  Herbert  J.  Goulding,  B.S.,  M.E.,  Instructors 
in  Descriptive  Geometry  and  Drawing  at  the  University  of  Michigan. 
Quarto.    109  pages  and  165  cuts.  ^^i.oo. 

This  book  is  intended  for  a  beginners  course  in  Elementary  Mechanical  Drawing 
for  the  office  and  school.    Illustrations  have  not  been  spared,  and  the  explanations 
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have  been  made  in  a  clear  and  concise  manner  for  the  purpose  of  bringing  the  stu- 
■dent  to  the'desired  results  by  the  shortest  route  consistent  with  the  imparting  of  an 
accurate  knowledge  of  the  subject. 

The  first  chapter  is  devoted  to  Materials  and  Instruments;  the  second  chapter, 
Mechanical  Construction;  third  chapter,  Penciling  Inking,  Tinting;  fourth  chap- 
ter, Linear  Perspective;  fifth  chapter.  Teeth  of  Gears. 

WRENTMORE.— /Yam  Alphabets  for  Offiice  and  School  Selected  by 
C.  G.  Wrentmore,  B.S.,  C.E.,  Instructor  in  Descriptive  Geometry 
and  Drawing,  University  of  Michigan.  Oblong.  19  plates.  Half 
leather,  75  cents. 

REV.  J.  T.  YOUNG — '■^  Mormonis?n:  Its  Origin^  Doctrines,  and 
Dangers^    Pamphlet.     72  pages.    25  cents. 

This  brochure  of  seventy  pages  in  paper  covers  is  a  sharp  attack  on  the  Mormon 
■system,  showing  that  its  beginnings  were  in  fraud  and  villainy,  that  its  doctrines 
are  debasing,  and  that  its  continuance  in  the  United  States  is  a  political  and  reli- 
gious menace.  If  Mormonism  is  one-tenth  as  bad  as  this  booklet  represents,  the 
marvel  is  that  the  viper  life  was  not  crushed  out  long  2.^0— The  Standard,  Chicago. 

Souvenir  of  the  University  of  Michigan,  Ann  Arbor.  Containing  38 
photo-gravures  of  President  James  B.  Angell,  prominent  University 
Buildings,  Fraternity  Houses,  Churches,  Views  of  Ann  Arbor,  Etc., 
Etc.    Done  up  in  blue  silk  cloth  binding.    Price,  50  cents,  postpaid. 

Physical  Laboratory  Note  Book. — A  Note  Book  for  the  Physical  Lab- 
oratory. Designed  to  be  used  in  connection  with  any  Physical 
Laboratory  Manual.  Contains  full  directions  for  keeping  a  Physical 
Laboratory  Note  Book.  112  pages  of  excellent  ledger  writing  paper, 
ruled  in  cross  sections.  Metric  System,  size  7x9^  inches.  Bound  in 
full  canvass,  leather  corners.  Price,  by  mail,  30  cents.  Special 
prices  to  Schools  furnished  on  application. 

Botanical  Laboratory  Note  Book. — A  A^ote  Book  for  the  Botanical  Lab- 
oratory. 200  pages  of  best  writing  paper,  ruled  with  top  margins. 
Pocket  on  inside  of  front  cover  for  drawing  cards.  Bound  in  sub- 
stantial cloth  cover  and  leather  back.  Size  6x9^.  Price,  by  mail, 
35  cents.    Special  prices  to  schools  furnished  on  application. 

Engineering  Laboratory  Note  Book. — A  Note  Book  for  the  Engineering 
Laboratory,    University   of  Michigan.    Full  sheep  binding.  Size 
X  8.   Contains  200  pages.    (With  general  directions.    Cross  sec- 
tion ruled).    Price  75  cents. 

Field  Engineering  Note  Book,  Surveying. — 200  pages.  Cross  section 
ruled.    Full  Sheep  binding,  50  cents. 


